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(57) A modified thermoplastic nortwrnene polymer 
obtained by graft-nrrodifying a noibornene addition poly- 
mer with at least one unsaturated compound selected 
from the group consisting of urrsaturated epoxy com- 
pounds and unsaturated carboxylic compounds^ and 
having a rate of graft modification of 3 to 50 mot% when 
graft-modified with an unsaturated epoxy compound or 
a rate of graft nfK>dif ication of 7 to 50 mol% when graft- 
modified with an unsaturated carboxylic compound, and 
a number average molecular weight (f^/ln) of 500 to 
500.000. a production process thereof, and a crosslink- 
ing polymer composition eompffising the modified ther- 
moplastic nortiornene polymer arxJ a crosslinking 
agent. 
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Description 

(TECHNICAL FiELD) 

[0(XI1] The present invention relates to modified thermoplastic norbornene polymers obtained by graft-modifying an 
addition polymer of a norbornene monomer with an unsaturated epoxy compound or unsaturated carboxylic compound, 
and a production process tfiereof. and more particularly to modified thermoplastic nortx)rnen0 polymers which are 
^cellent in electrical properties such as dielectric constant, adhesion property to other materials such as metals (metal 
foils, metallic wirings, etc.) and silicon wafers, heat resistance, moisture resistance, etc., can be prepared into high-con- 
centration solutions, and are also excellent in the ability to uniformly disperse various kinds of compounding additives 
in such a solution, and a production process thereof. 

[0002] The modified thermoplastic norbornene polymers according to the present inventton are suitable for use in a 
field of electrical apparatus and electronic equipment as, for example, impregnating resins fbr prepregs. sheets, inter- 
layer insulating films and the like making good use of these excellent various properties. 

(BACKGROUND ART) 

[0003] With the rapid advancement of advanced infbnnation-oriented society in recent years, there is a strong 
demand for the speeding up of information processing and the miniaturization of apparatus or devices in a fiekJ of the 
electronic industry. In electronic parts used in electrical apparatus and electronic equipment, such as semiconductors, 
ICs, hybrid ICs. printed boards, display devices and display parts, insulating materials having a sufficiently low cfieledric 
constant in a high-frequency region are required for the purpose of realizing the speeding up and miniaturization in the 
high-frequency region. In order to ensure high reliability over a long period of time, insulating materials also excellent in 
heat resistance such as soldering heat resistance, and moisture resistance are also required. Further, the speeding up 
of information processing is pressed in afield of informatton processing apparatus such as computers and communica- 
tion apparatus. In addition, their miniaturization and weight saving are required so as to be portable. In keeping with 
such requirements, it is strongly required of circuits installed in these apparatus to make circuit boards high perfomn- 
ance such as nnulti-layer structure, high precision and minute processing. 

[0004] In recent years, there has been developed a multi-chip nrodule (MOM) lor i\tp chip nnounting, by which minia- 
turized and high^density packaging has been realized. In order to ensure high reliability over a long period of time, an 
insulating material used in an interlayer insirfating film for this MCM is required to have, in addition to the above required 
properties, sufficient adhesion property to substrates such as silicon wafers. arxJ conducting layers such as metal layers 
(metal foils, metallized films, etc.), since MCM is fabricated by laying many insulating layers and conductive layers on 
one another on a substrate such as a silicon wafer. In addition, since to be able to rrake a via diameter small by reduc- 
tion in wiring pitch is require of MCM. it is required to impart photosensHivity to the insulating material in onder to make 
minute processing possible. 

[0005] As insulating materials for MCM, there have heretofore been investigated materials obtained by imparting pho- 
tosensitivity-to a pdyimide resin or epoxy resin. However, the conventk)nal photosensitive polyimide resins are irrsuff i- 
cient in electrical properties such as dielectric constant in a high-frequency region and also in moisture resistance and 
hence have involved a drawback that ft is difficult to cope with the achievement of high reliability over a long period of 
time. In the epoxy resins, it has been attempted to introduce a photosensitive group such as an ally! grwp therein to 
inpart photosensitivity to the resins. However, such an attempt has involved a drawback that electrical properties, such 
as dielectric constant of the resultant resins are deteriorated to a great extent, and their heat stability also become 
insufficient 

[0006] On the other hand, a circuit board is produced by impregnating a reinforcing base material, tor example, a 
glass doth, with a resin vamish, drying the varnish to form a sheet (prepreg) in a semi-cured state, laying up a copper 
foil or outer copper-dad sheet the prepreg. an inner copper-clad sheet, and the like in that order between mirror plates 
and then hotixessing the resultant laminate to completdy cure the resin. As a resin material, there has heretofore been 
used a phenol resin, epoxy resin. polyinWe resin, fluororesin, pdybutacfiene resin or the like. 
[00071 However, the dielectric constant of thermosetting resins such as tiie phenol resin, epoxy resin and polyimWe 
resin is generally as Wgh as at least 4.0. and so tiieir electrical properties are Insufficient. Therefbre, circurt boards mak- 
ing use of these thermosetting resins have been difficult to achieve the speeding up and high reliability of arithmetic 
processing. On the other hand, drcuit boards making use of thermoplastic resins such as the f luororesins and polyb- 
utadiene resins are poor in heat resistance and so may cause cracking and/or delamination in some cases upon sol- 
dering or the like. In addition, such resins have also been difficult to form a multi-layer structure due to their poor 
dimensional stability. 

[0008] Accordingly, in recent years, it has been proposed to use tiiermoplastic norbornene resins as insulating mate- 
rials. 
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[0009] For example, Japanese Patent Application Laid-Open No. 34924/1 987 discloses a process comprising synthe- 
sizing a norbornene resin having arr intrinsic viscosity [ii] of 1.15 to 2.22 as measured at 135**C in decalin by addition 
polymerization of a norbornene type cycloolefin and ethylene, kneading the norbornene resin and a crosslinking aid, 
grinding the resultant mixture, impregnating the ground mixture with a solution of an organic peroxide, removing the 

5 solution and then press molding it to crosslinic the resin. 

[0010] However, this process has involved problems that the process is complicated, and besides it is difficult to pre- 
pare a high-concentration solution of the norbornene resin, and the organic peroxide and other connpounding additives 
are not unifdrmly dispersed. Accordingly, it is necessary to prepare a low-concentration solution in order to produce a 
prepreg using a solution of the resin obtained by this process. When the reinbrdng base material is impregnated vwth 

10 the low-concentration solution, however, it takes a long time to dry the solution until it becomes tack-free at room tem- 
perature, and so the base material must be left at rest so as not to deform in the meantime. Therefore, this process 
involves a problem of poor productivity. In addition, various kinds of compounding additives must be added acconding 
to various uses. However, such compounding additives cannot be uniformly dispersed in the resin solution due to the 
high viscosity Of the solution, and there is also an disadvantage that the resin solution and the compounding additives 

15 undergo phase separation from each other according to the kinds and compounding amounts of the connpounding addi- 
tives used. If the reinforcing base material is impregnated with the solution phase-separated into 2 phases, any prepreg 
in which the individual components are uniformly dispersed cannot be obtained. In addition, if a copper foil is laminated 
on the thus-obtained molding such as the prepreg, the resultant laminate has no suffteient peel strength and hence 
involves a problem of durability 

20 [0011] Japanese Patent Application Laid-Open No. 248164/1994 discloses a process in which a hydrogenated tfter- 
moplastic ring-opening noit>omene resin, an organic peroxkie, a crosslinking aid and a flame retardant such as bromi- 
nated bisphenol are dispersed in a solvent, and casting is conducted using the resultant solution, or a reinforcing base 
material is impregnated with the sdutton. and the solvent is then removed to crosslinking the resin by heating, thereby 
producing a sheet, prepreg or the like. When the norbornene resin specifically disclosed in this publication is used, how- 

2S ever, it is difficult to make the solids concentration of a solution sufficiently high, and so productivity in a drying step 
becomes insuffkaent. In additton, this process has involved a problem that it cannot be fully applied according to use 
fields, since the kinds and amounts of compounding additives which can be uniformly dispersed In such a solution are 
limited, and moreover the peel strength of the resin to a copper film is insuff ident. 

[0012] Japanese Patent Application Laid-Open No, 27417/1987 has proposed modified cyckwiefin copolymers 
30 Obtained by grafting an unsaturated epoxy compowid such as allyl glycidy! ether on an additton copolymer of ethylene 
and a nortornene nrK>nomet This resin material has been reported to be excellent in electrical properties, heat resist- 
ance, adheston property, eta However, the modified polymers specifically dsdosed in this prior art document are all 
?7.su*f icient in the rate of graft nKxiification. Therefore, they are Insufficient in adhesion property to other materials such 
asmetals and silicon wafers and moreover in heat resistance, and hence have involved a problem that deformation and 
35 cracking tend to occur in a solder r^lowing step or a sputtering step. 

[0013] On the other hand, Japanese Patent Application Laid-Open No. 298510/1990 discloses that cattX)n-carbon 
unsaturated bonds in a notbornene addition polymer obtained by the addition polymerization of ethylidene-nortwrnene 
or dicydopenladiene are completely epoxklired, thereby obtaining an epoxy group-containing norbornene adcfition pol- 
ymer useful as a sealing material. However, this epoxy group-containing norbornene addition polymer is too high in 
40 epoxy group content and so It is insufficient in electrk;at properties such as dielectric constant, and moisture resistance 
to use it as an insulating material for MCM and the like. In addition, the epoxidation of carbon-carbon double bonds 
tends to leave many cart>on-carbon double bonds intact Therefore, such an addition polymer is insufficient in heat sta- 
bility and eledrkal properties such as dielectric constant. 

[0014] Further, Japanese Patent Application Laid-Open No. 1 72423/1 994 discloses an epoxy group-containing nor- 
4S bornene addition copolymer obtained by epoxidizing cartjon-cariwn doidsle bonds in an addition copolymer of dicy- 
ctopentadiene and propylene with a peroxide. This polymer Is improved in hydrophilic nature and adhesive property to 
some extent However, tiie polymer is too poor in heat resistance to use as an insulating material for MOM and the like, 
and is not sufficient in adhesion property to a metal used as a conductive layer, eitiier. 

so (DISCLOSURE OF THE INVENTION) < 

[001 5] It is an object of the present inventton to provide mocfif led thermoplastic norbornene polymers which are excel- 
lent in electrical properties such as dielectric constant in a high-frequency region, heat resistance, moisture resistarice 
and heat stability and also in adhesion property to other materials such as metals and silicon wafers, arKi a production 
55 process thereof. 

[0016] Another object of the present invention is to provide crosslinking polymer compositions comprising an epoxy 
groi^D-containing norbornene polymer which is excellent in electrical properties such as dielectric constant in a high- 
frequency region, heat resistance, moisture resistance and heat stability and also In adhesion property to other mate- 
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rials such as metals and silicon wafers, and is also suitable for blending of a crosslinking agent. 
[0017] A further object of the present inveritton is to provide nnodif ied thermoplastic norbornene polymers which are 
excellent in heat resistance, electrical properties such as dielectric constant, and peel strength to metal foils, can be 
prepared into high-concentration solutions, and are also excellent in the ability to uniformly disperse compounding addi- 
5 tives in such a solution, a production process thereof, and crosslinking polymer compositions comprising such a modi- 
fied thermoplastic norbornene polymer and a crosslinking agent. 

[0018] The present inventors have canried out an extensive investigation with a view toward overcoming the above- 
described problems involved in the prior art As a result it has been found that the above objects can be achieved by 
modified thermoplastic norbornene polymers obtained by graft-modifying a norbornene addition polymer having spe- 
10 cific repeating units with at least one unsaturated compound selected from the group consisting of unsaturated epoxy 
compounds and unsaturated cartx)xylic compounds in the presence of an organic peroxide. 

[001 9] The modified thermoplastic norbornene polymers according to the present invention have excellent heat resist- 
ance, exhibit an excellent dielectric constant in a high-frequency region, are sufficiently Improved in adhesion property 
to other materials such as metals and silicon wafers wrthout impairing their good moisture resistance, further have the 
15 good ability to disperse a photosensitive crosslinking agent and the like therein and moreover are scarcely deteriorated 
in electrical properties such as dielectric constant even when they are photo-set. 

[0020] In addition, the nrrodified themnoplastic norbornene polymers according to the present invention can be pre- 
pared into high-concentration solutions, and various compoinding additives can be uniformly dispersed at a high con- 
centration in such a solution. Since such a solution is excellent in the ability to impregnate reinforcing base materials 

so and also good in f flm-forming property, prepregs and sheets can be produced by using a crosslinking polymer corrpo- 
sition corr¥>rising such a modified thernx)plastic norbornene polymer and a crosslinking agent. In addition, laminates 
produced from the prepregs or sheets are excellerrt in heat resistance and dielectric constant and moreover a laminate 
excellent in peet strength to a meta! layer can be provided when the metal layer is laminated on such a prepreg or sheet. 
[0021 ] The present invention has been led to completion on the basis of these findings. 

25 [0022] According to the present invention, there is thus provided a modified thermoplastic nortwrnene polymer 
obtained by graft-modifying a nortKwnene addition polymer having repeating units [A] represented by the formufa (Al): 




(Al) 



wherein to are independently a hydrogen atom. hydrocartx)n group, halogen atom, alkoxy group, ester group. 
40 cyano groip, amide group imide group, silyl ^ol^ or hydrocarbon ^^oup substituted by a polar group (i.e., a halogen 

atom, alkoxy group, ester group, cyano group, amkie group, imide group or silyl group), 

with the proviso that at least two of to may be bonded to each other to form a monocycle or polycycle. the 

monocycle or polycycle may have carbon-carbon double bond(s) or be in the form of an aromatic ring, and and R^, 

or R^ and R® may form an alkylidene group, with at least one unsaturated compound selected from the group consisting 
46 Of unsaturated epoxy compounds and unsaturated carboxylic compounds, wherein the modified polymer has a rate of 

graft modification of 3 to 50 mol% when graft-mod'tf ied with an unsaturated epoxy compound or a rate of graft modif ica- 

tton of 7 to 50 mol% when graft-modified with an unsaturated carboxylic compound, and a number average nriolecular 

weight (Mn) of 500 to 500.000. 

[0023] The norbornene addition polymer m^ have repeating units derived from a vinyl compound in addition to the 
50 repeating units [A]. ^ 

[0024] According to the present invention, there is also provided a process for producing a modified thernxjplastic 
norbornene polymer, the process comprising addition-polymerizing a nort>ornene monomer represented by the formula 
(a1): 



55 
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wherein the respective meanings of the reference characters are as defined in the formula (A1), in the presence of a 
polymerization catalyst oomprising a compound of a transition metal belonging to Group VIII of the periodic table as a 
main component, and then reacting the resultant nortK>rnene addition polymer with at least one unsaturated compound 
selected from the group consisting of unsaturated epoxy compounds and unsaturated carboxylic compounds in the 
presence of an organic peroxide, thereby graft-modifying the addition polymer, 

[0025] According to the present invention, there is further provided a crosslinking pdymer composition comprising the 
above modified themrioplastic norbornene polymer and a crosslinking agent 

{BEST MODE FOR CARRYING OUT THE INVENTION) 

Epox y group-containing noftxjrnene polvmer : 

(1) Norbornene polymer: 

10026] The norbornene polymers useful in the practice of the present invention have repeating units [A] represented 
by the formula (A1). 

[0027] In the formula ( A1 ). the respective meanings of the reference characters are as follows: 

R^ to R^ are independently a hydrogen atom, hydrocait>on group, halogen atom, alkoxy group, ester groip. cyano 
group, amide group, imide group, sityl group or hydrocarbon group substituted by a polar group (i.e., a halogen 
atom, alkoxy group, ester group, cyano group, amide group, imide group or silyl group). When high moisture resist- 
ance is required of the polymer, each of these groups is a hydrogen atom or hydrocarbon group. 

[0028] However, at least two of to R^ may be bonded to each other to form a monocyde or polycycle, and the 
monocyde or polycyde may have cait>on-carbon doii3le bond(s) or be in the form of an aromatic ring, and R , or R 
and R^inay form an alkylidene group. It goes without saying that the monocyde, polycyde or aromatic ring nrmy have 
such a substituent group (hydrocarbon group, pdar group or hydrocarbon group substituted by the polar gra^) as 
described above. 

[0029] Exanpies of the halogen atom in the formula {A1) include fluorine, chlorine, bromine and iodine atoms. Exam- 
ples of the hydrocartwn group indude alkyi groups having 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms, more 
preferably 1 to 6 carbon atoms, alkenyl ^oups having 2 to 20 carbon atoms, preferably 2 to 10 carbon atoms, more pref- 
erably 2 to 6 carbon atoms, cycloalkyi groups having 3 to 15 carbon atoms, preferably 3 to 8 carbon atoms, more pref- 
erably 5 or 6 carbon atoms, and aryl groups having 6 to 12 cartoon atoms, preferably 6 to 8 cartoon atoms, more 
preferably 6 carbon atoms. Examples of the hydrocarbon groip 6tA>stituted by a polar group indude halogenated alkyt 
groups having 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms, more preferably 1 to 6 carbon atonrts. 
[0030] Specific exarrples of the alkyI groups indude methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-amyl. n-hexyl 
and decyl groups. Specific examples of the alkenyl groups indude vinyl, propenyl, butenyl. pentenyl and hexenyl 
groups. Specific examples of the aromatic groups Indude phenyl, tolyl. xylyl. biphenyl and naphthyl groups. 
[0031] The alkylidene gi^up in the formula (A1) is preferably not substituted by any polar group, since the mdsture 
resistance of the polymer is Wghly enhanced. The number of carbon atoms thereof is generally within a range of 1 to 
20. preferably 1 to 10, more preferably 1 to 6. Specific examples of the alkylidene ^oup indude methytidene. ethyli- 
dene, propytidene and isopropyttdene groups. 



[0032] As preferable examples of the repeating unit [A], may be mentioned repeating units represented by the formula 
(A2): 
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(A2) 



[0033] In the formula (A2). to R^^ are independently a hydrogen atom, alkyi group, alkenyl group or aryl group, and 
generally a hydrogen atom or alkyI group. The number of carbon atoms in the alkyI group is suitably selected according 
to the purpose, but is generally within a range of 1 to 6. preferably 1 to 4. more preferably 1 to 3. Preferable examples 
of the alkyI group include methyl, ethyl, n-propyl and isopropyl groups. The number of carbon atoms in the alkenyl group 
is suitafcdy selected according to the purpose, but is generally within a range of 2 to 6, preferably 2 to 4, more preferably 
2 to 3. Preferable examples of the alkenyl group include vinyl and propenyl groups. The number of cartwn atoms in the 
aryl group is suitably selected according to the purpose, but is generally within a range of 6 to 12, preferably 6 to 10. 
more preferably 6 to 8. Preferable examples of the aryl group include phenyl and tolyl groups. 
[0034] In the formula (A2). and R^^, or R""^ and R^^ may form a tower alkylidene group. The number of carbon 
atoms in the lower alkylidene group is suitably selected as necessary for the end application intended, but is generally 
within a range of 1 to 6, preferably 1 to 4. more preferably 1 to 3. Preferable examples of the lower alkylidene group 
include methylidene. ethylidene, propylidene and isopropylkJene groups. 

[0035] As other preferable examples of the repeating unit [A], may be mentioned repeating units represented by the 
formula (A3): 



[0036] In the formula (A3), R^^ to R^* are independently a hycfrogen atom, hydrocarbon group, halogen atom, alkoxy 
group, ester group (for example, alkyI ester group), c^o groip, amide group, imide group, silyt groig) or hydrocartron 
group substituted by a pdar group fi.e., a halogen atom, alkoxy group, ester group, cyano group, amide group, imide 
group or silyl group). When high nx>isture resistance Is required of the polymer, each of these groups is a hydrogen 
atom or hydrocarbon group. 

[0037] However, at least two of R^^ to P?^ may be bonded to each other to form a monocycle or polycycle. ar^the 
monocyde or polycycle may have carbon-carbon double bond(s) or be in the fonti of an aromatic ring. R^^ and R , or 
R^^ and R^^ may form an alkylidene group. The monocyde, polycycle or aromatic ring may have such a substituent 
group (hydrocart>on group, polar group or hydrocarbon group substituted by the polar group) as described above. How- 
ever, the sirt>stituenl group is preferably a hydrocarbon group when high moisture resistance is required of the polymer. 
[0038] Examples of the hatogen atom in the formula (A3) indude fluorine, chlorine, bromine and iodine atoms. Exam- 
ples of the hydrocarbon group Indude alkyI groups having 1 to 20 cart)on atoms, preferably r to 10 carbon atoms, more 
preferably 1 to 6 carbon atoms* alkenyl groups having 2 to 20 cartx>n atoms, preferably 2 to 10 carbon atoms, more pref- 
erably 2 to 6 carton atoms, cydoalkyl gproups having 3 to 15 caitwn atoms, prefer^y 3 to 8 carbon atoms, more pref- 
erably 5 or 6 carbon atoms, and aryl groups having 6 to 12 caitwn atoms, preferably 6 to 8 carbon atoms, more 
preferably 6 carbon atoms. Examples of the hydrocarbon group substituted by a polar group include hatogenated alkyI 
groups having 1 to 20 carbon atoms, preferably 1 to 10 carbon atonns. more preferably 1 to 6 carbon atoms. 
[0039] The alkylidene group in the formula (A3) is preferably not substituted by any polar group, since the nrxjisture 
resistance of the polymer is highly enhanced. The number of carbon atoms thereof is generally within a range of 1 to 
20, preferably 1 to 10, more preferaWy 1 to 6. 

[0040] As further preferable examples of the repeating unit [AJ, may be mentioned repeating units represented by the 
formula (A4); 




(A3) 



6 
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<A4) 



[0041] In the formula {A4), R^^ to R^^ are Independently a hydrogen atom, alkyi group, alkenyl group or aryl group, 
and generally a hydrogen atom or lower alkyI group. The number of carbon atoms in the alkyI group is suitably selected 
according to the purpose, but is generally within a range of 1 to 6, preferably 1 to 4. more preferably 1 to 3. Preferable 
examples of the»alkyl group include methyl, ethyl, n-propyl and isopropyl groups. The number of carbon atoms in the 
alkenyl group is suitably selected according to the purpose, but is generally within a range of 2 to 6, fweferably 2 to 4, 
more preferably 2 to 3. Preferable examples of the alkenyl group include vinyl and propenyl groups. The number of car- 
bon atoms In the aryl group is suitably selected according to the purpose, but is generally witWn a range of 6 to 12, pref- 
erably 6 to 10, more preferably 6 to 8. Preferable examples of the aryl group include phenyl and tolyl groups. 
[00421 In the formula (M), R^^ and R^®. or R^^ and R^^ may form an alM^ene group. The number of carbon atoms 
in the alkylidene group is suitably selected as necessary for the end application intended, but is generally within a range 
of 1 to 6, preferably 1 to 4, more preferably 1 to 3. Preferable examples of the alkyliderte group include methylidene, 
ethylidene. propylidene and isopropylidene groups. 

[0043] As still further preferable examples of the repeating unH [AJ, may be mentioned repeating units represented by 
the formula (AS): 



[0044J In the formula (AS), m is 0, 1 or 2. When m is 0, a cyclopentane ring is formed. 

[0045J In the formula (AS). R^® to R"*^ are independently a hydrogen atom, hydrocarbon group, halogen atom, alkoxy 
group, ester group (for example, alkyi ester group), cyano group, amide group, imide ^oup, silyl Qroup or hydrocartxm 
group substituted by a polar group (i.e., a halogen atom, alkoxy group, ester group, cyano group, amide group, imide 
group or silyl group). When high moisture resistance is required of the polymer, each of these groups is a hydrogen 
atom or hydrocarbon (^cup. ^ , 

[0046] However, at least two of R^'' to R'*^ may be bonded to each other to form a monocyde or pdycycle, 
monocyde or pdycycle may have cart>on-carbon double bond(s) or be in the form of an aromatic ring. R and R^, or 
F^^ and R"*^ may form an alkylidene group, or R^ and R^^ may be bonded to each other to form a double bond between 
2 carbon atoms to which R^ and R^^ are bonded, respectively. It goes without saying that the monocyde, pdycyde or 
aromatic ring may have such a substituent group (hydrocarbon group, polar group or hydrocarton group substituted by 
the polar group) as described above. 

[0047] Exarrples of the halogen atom in the fbrmula (AS) indude fluorine, chlorine, bromine and iodine atoms. Exam- 
ples of the hydrocartwn group include alkyI groups having 1 to 20 carbon atoms, preferably 1 to 10 car^ atoms, more 
preferably 1 to 6 carbon atoms, alkenyl goups having 2 to 20 carbon atoms, preferably 2 to 10 carbon atoms, more pref- 
erably 2 to 6 carbon atoms, cycloalkyi groups having 3 to 1 5 carbon atoms, preferably 3 to 8 carbon atoms, wotB pref- 
erably 5 or 6 carbon atoms, and aryl groups having 6 to 12 carbon atoms, preferably S to 8 cartwn atoms, more 
preferably 6 carbon atoms. Examples of the hydrocartwn group substituted by a polar group indude halogenated alkyI 
groups having 1 to 20 carbon atoms, preferably 1 to 10 carbon atoms, more preferably 1 to 6 caitxin atoms. 
[0048] The alkylidene gnDup in the formula (AS) is preferably not substituted by any polar group, since the moisture 
resistance of the polymer is highly enhanced. The number of carbon atoms thereof is generally within a range of 1 to 
20, preferably 1 to 10, more preferably 1 to 6. 




(A5) 
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[0049] As yet still further preferable examples of the repeating unit [A] , may be mentioned repeating units represented 
by the formula (A6): 



5 




a6> 



10 



[0050] In the fbrrrfula (A6), m is 0. 1 or 2. When m is 0, a cydopentane ring is formed. 

15 [0051] In the formula (A6), R"^^ to R*® are independently a hydrogen atom, lower alkyi group, lower alkenyl group or 
aryl group, and generally a hydrogen atom or alkyI group. The number of cartwn atoms in the alky! group is suitably 
selected according to the purpose, but is generally within a range of 1 to 6. preferably 1 to 4. more preferably 1 to 3. 
Preferable examples of the alM O^up include methyl, ethyl, n-propyl and isopropyl groups. The number of carbon 
atoms in the alkenyl group is suitably selected according to the purpose, but is generally within a range of 2 to 6, pref- 

20 erably 2 to 4. more preferably 2 to 3. Preferable examples of the alkenyl group include vinyl and propenyl groups. The 
number of carbon atoms in the aryl group Is suitably selected according to the purpose, but is generally within a range 
of 6 to 12, prefer^ly 6 to 10. more preferably 6 to 8. Preferable examples of the aryl group include phenyl and tolyl 
groups. 

[0052] Further, at least two of to may be bonded to each other to form a monocyde, pdycyde or aromatic 
26 ring, or R^ and R^, or R^ and R*^^ may fomn an alkylidene groip. or R"^ and R'^ may be bonded to each other to 
form a double bond between 2 carbon atoms to which R^ and R^ are bonded, respectively. Of these, it is preferred 
that at least two of R"*^ to R"*^ should be bonded to each other to fomri an aromatic ring, or R"*^ and R^ should be 
bonded to each other to fbrm a cart>on-car!5on double bond. The aronrvatic ring is generally a benzene ring wNch may 
be substituted by a lower alkyI groiflj having 1 to 6 carbon atones. The rKjmber of carbon atoms In the lower alkylidene 
30 group is suitably selected as necessary for the end application intended, but is generally within a range of 1 to 6, pref- 
erably 1 to 4. more preferably 1 to 3. Preferable examples of the lower alkylidene group include methylldene. ethylidene. 
propyltdene and isopropytidene groups. 

[00531 The repeating units [A] represented by these fomnulae (A1 ) to (A6) may be used eithp; singly or in any combi- 
nation thereof. Nortwnene addition polymers having the repeating units of (A2), (A4) and (A6), respectively, are pre- 
1315 ferred. 

[0054] The nortaornene addition polymers used in the present invention can prcvkie modified thermoplastic nor- 
bornene pojymers having particularly high heat resistance when they have only the repeating units [A] derived from a 
nortjornene monomer. 

100551 The norbornene adcfition polymers used in the present invention may have the repeating units [A] derived from 
40 the norbornene monomer arxi repeating units derived from a vinyl compound. In this case, the content of the twund nor- 
bornene monomer is su'rtably selected as necessary for the end application intended. However, it is generally at least 
30 wt.%. preferably at least 50 wt%. more preferably at least 70 wt.%. Even when an addition copolymer of a nor- 
bornene monomer and a vinyl compound is used, excellent heat resistance can be exhibited by crosslinWng when using 
the resulting modified thermoplastk; norbornene polymer in combination with a crosslinking agent. 

45 

(2) Production process: 

[0056] The nortx)rnene polymers having the repeating units [A] can be obtained by addition-polymerizing a nor- 
bornene nrK)nomer represented by the formula (a1): 

so g 
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wherein the respective meanings of the reference characters are as defined in the formula (A1). 
(Nortxjrnene monomer) 

[0057] Of the nortaornene monomers represented by the formula (a1). compounds represented by the formula (a2): 



20 




(a2) 



25 Wherein the respective meanings of the reference characters are as defined in the formula (A2), compounds repre- 
sented by the fornujia (a3) : 



30 



35 




(a3) 



whereirTthe respective meanings of the reference characters are as defined in the formula (A3), compounds repre- 
40 sented by the formula (a4): 



4S 




(a4) 



so wherein the respective meanings of the refereijce characters are as defined in the formula (A4), compounds repre- 
sented by the formula (aS): 
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(a5) 



wherein the respective meanings of the reference characters are as defined in the fomiula (AS), and conrpounds rep- 
resented by the formula (a6): 




wherein the respective meanings of the reference characters are as defined in the fbrnnuta (A6), are preferably used. Of 
these compounds, the norbornene monomers represented by the formulae (a2>, (a4) and (a6) are particularly pre- 
ferred. 

[0058] As specific examples of such norbornene monomers, there may be used publicly known monomers disclosed 
in Japanese Patent Application Laid-Open Nos. 227424/1990, 276842/1990, 97719/1993, 415S0/1995 and 
72210/1996, etc. Spedfically, the following norbornene monomers may be mentioned. 

100591 Examples of the norbornene monomers Include bicyclo[2.2.1]hept-2-ene derivatives, tetracy- 
cioM 4 0l2.5i7.iOj^^lodecene derivatives, hexacyclo[6.6.1.l3'^1^°''*^.o2»7o9*i^]-4-heptadecene derivatives, octacy- 
clo[a8.0.1 2'^. 1 ^'^.1 ^ ^ ®. 1 ^^'^®.03'^.0''2'^^]-5Kjtocosene derivatives, pentacycloI6.6. 1 . 1 ^ ^.0^'^^^^^-4-hexadecene 
derivatives heplacyclo-5-eicosene derivatives; heptacyclo-5-h©neicosene derivatives, tricyclo[4.3.0,1^»^-3-decene 
derivatives' trlcyclo[4.4.0.l2»^-3-undecene derivatives, pentacycio[6.5.1.1^*^.o2'7.0^'^3l-4-pentadecene derivatives, 
pentacydopentadecadiene derivatives. pentacyclot7.4.0-l25.i9.i2.o8.i3].3^entaGteceiie de^^^^ 
clo[87 0 1^'« I^o.i7^i2,i5o2,7 oii.i6j.4.^cosene derivatives. nonacyclo[10.9.1.1^'^.1^^'^° 1^^'^®.o3'^-02'^Oo^2.2i 
0i4.i9u5^entacosene derivatives, pentacyclo[8A0.l2-5.i9."»2. 0»'^^]-3-hexadecene derivatives, heptacy- 
clorosoi"*^ 111.18 113.16 Q3.6oi2-i7],5.henelcos«ie derivatives, nonacy- 

^01^'q^\q^'\^-\'^.^A^^^^^ derivatives, 1.4-methano-1.4.4a9a- 

tetrahydrofhiorene derivatives, 1,4-methano-1,4.4a,5,10,10a-hexahydroanthracene derivatives and cydopentadiene- 
acenaishthylene adducts. ^ . . u 

[00601 More specif ically. examples of the norbornene monomers include bicycto[2.2. IJhept-g-ene derivatives such as 
bicyclo[2.2. 1]hept-2-ene, 6-methytoicydo[2,2.1]hept-2-ene. 5,6-dime1hylbicyclo[2.2.1]hept-2-ene, 1 -methylbicy- 
clo[2 2 1]hept-2-ene, 6-ethylbicyclo[2.2.1]hept-2-ene, 6-n-butylbicyclo|2.2.1]hept-2-ene, 6-isobutylbicyclop.2.1]hept-2- 
ene and 7-methytbicycloI2.2.11hept-2-ene; tetracyclo[4,4.0.l2'«.l7»i0|.3.dodecene derivatives such as tefracy- 
clor44 0 12.^1 7»iOj-3-dodecene. 8-methyltetracyclo[4.4.0.l2»5 t7.i0j.3^ecene. 8-ethyltetracyclo[4.4.0.l2'^. 
dodecene 8-propyitetracyclo[4.4.0.l2.5 i^»^^-3-dodecene, 8-butyltetracyclo[4.4.0.l2'^.l7'^^]-3<lodecene, S-iso- 
butyitetracyck)[4.4.0,l2.5.i7,t0j^^ecene, 8-hexyltetracyclo[4.4.0.1^'^.1^'^^-3-dodecene, 8-cyclohexyftetracy. 
cior44 0 1^'® l^''»^-3-dodecene, 8-stearyHetracyclo[4.4.0.l2'^.1^'^**l-3-dodecene, 5,10- 

dimethyitetracyclo[4.4J3.l2,5^7.io,.3^odec^e^ 2,10-dlmethyltetracycloC4.4.G.l2.5,i7.iOj.3^ecene. a.e^imetbyltet- 
racyclo[4 4 0 1^'^ l7.i^3<k)decene. 8-ethyt-9-methyltetracyclot4A0.1^»^.1^'''*^-3-dodecene, 11,12-dimett^etracy- 
clor4 4 0 12.5 i7.iO]^<iodecene, 2.7,9-trimethirttetracyclo[4.4.0.l2^5 j7.i0j.3^ocene, 9-6thyl-2,7. 

dimethyitetracyclo[4,4.0;l2.5i7.io,.3^odecene, 9-isobutyl-2.7-dimethyitetracydo[4,4.0j2.5^l7,iO|.3^^^^ 
9 1 1 l2-trimethyltetfacyclo[4.4.0.l2'^.1^'^°]-3-dadecene. 9-ethyl-1 1 ,12-dimethyttetracyclo[4.4.0,l2'^,r » ^-3- 

dodecene 9-isobuty!-1 1 ,1 2-dimethyttetiBcydo[4.4.0. I^-S. 1 AiOj.3 dodecene, 5,8,9,10-tetramethyitetracy- 
dof44 0 1^'^ l7'"'^-3-dodecene, 8-ethyliclene-9-methyKelracydo[4.4.0.l2.5 i7,iOj.3.^Q^gj,Q 8-ethylidene-9-ethyltel- 
racydot4-*0 l2'^.1^»^°]-3-dodecene. 8-ethylidene-9-isopropyltetracyclo[4.4.0.l2'^.1^'^^]-3<lod^^ 8-ethylidene-9- 
butyltetracyclo[4 4.0.l2.5.i7.i0]^^ecene, 8-n'propylidenetetracydot4.4.0.l2'®J^'"*°]-3-dodecene. 8-n-propylidene- 
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9-methyltelracyclo[4.4.0.l2.5.i7.iO]^^odecene, 8-n-propylklene-9-ethyltetracyclo[44.0.l2.5 i7.iOj.3^jcene. S-n- 

d<3ecene 8-isopropylidenetetracyclo[4.4.0.l2.5 l'.i°].3-dodecene, 8-isopropylidene-9-methyltetracy- 
clor4 4 0 i7.i0].3-dodecene, 8-isopropyliclene-9-ethyltetracyclo[4.4.0.l2.s.i7.i0i.3^odecene 8-isopropylidene-9- 
isopropyltelracyclo[4.4.0.l2.5.i7,i0].3.dcxlecene, &-isopropylidene-9-butyltebacyclo[4 4.0.12.5 1^1 0].3-dodecene. 8- 
chlorotetracyclor4.4.0.l2.Sl7-'°]-3-dodecene. 8-bromotatracyclo[4.4.0.l25 1^.^°]^-dodecene. 8-fluorotetracy- 
clo[4.4.0.l2.5 l7.i0l-3-dodecene and 8,9<JicMorotetiacyclo[4.4.0.l2.5.1^-^^-3<lodMene; heacy- 
clors 61 1^.6 110.13 O^.^ 0»'i'h-4-heptadecene derivalives such as hexacycloI6.6.1.1'^^V''-''*.0 •'.0=' ' H- 
heitadecene. ' ' l2-mcthylhexacyclo[6.6.1.1='-«.1^°-'^0^-^.0«-^V-hepted^^^^^^^ 'if^'^^'L 
cto[6 6 1 1^-^ li°'<3 0^'^ o®''V-heptadecene, 12-isobutylhexacyclot6.6.1.l3'^.1^°'^lo2.^.o9 n-4-heptadecene and 
1610-trimethyl-12-isobutylhexacyclo[6.6.1.l3.8.lio.i3o2-7o3-i*H-heptadecen octacy- 
Hnfft ft 0 i2.9 i"'' 1^^'^^ 1^3.16 o3.8oi2.i7i.5..<jocosene derivatives such as '^^y' 

Ssene and 15^ethyloctacycloI8.8.0.l2.9 lV.iii.i8 ii3.i6.o3.8 oi2,i7]^docosene; pertacycioIS^ai.l^^O^.yo^^l- 
4-hexadecene' derivatives such as pentacydoP-RI-I^^O^y-^H-hex^ I.SHdimefl^rtpentecy- 
clore 6 1 l3.« o2-''o3.^'*]-4-hexadecene. 1,6-diinethylpentacyclo[6.6.1.l3.6.o2-7o9-i'^-4-hexadecene and 15.16-dimethyl- 
Dentacyclo[6 61.l3'^.o2.7o9-^'^-4-hexadeoone; heptacydo-S-eicosene derivatives or heptacydo-^heneicosaie 
SSTsSh as heptacyclo[a7.0.l2.f l*-^.1 ^^.^'.0».« oi^-iej-g-eloosene and ►^^P'^^V^f •8;01^''-l^'-l^;^y 
0i2,i7i.5.henelcosen6- tricyc!o[4.3.0.l2.«l-3-decene derivatives such as tricyclo[4.3.0.l2'^-3-decene. 2-methy)tncy- 
clo[4 3.0.l2-5l-3-decene and 5-methyltricydo[4.3.0.l2^-3Hdecene; trlcydo[4.3.0.l2-5l^-undecene deriv^es such as 
tricydor4.3.0.l2.6]-3-undeceno and I0-niethy!lricyclo[4.3.0.l2.5i^-undecene; pentacydo[6.5.1.1'^ ^O^- .0 • 1-4-penta- 
dSe derivatives such as pentacyclo[6.5.1.t^Wo«.;W^^ 1.3-dime«^pentecy- 
clore 5 1 l3.«.02-7 09-i3j-4ijentadecene, 1 .Wimethylpentacyclo[6.5.1 .l^-®. O^-? o9-i3j-4-pertadecene and 14 15- 
dimethvlDentacvclo[6.5.1.l3-6.o2.7.o3.ia|-4-pentadeoene; diene compounds such as pentacyclo[6.5.1.1 • .0 ■ .0 ■ ]- 
4.10.pentolecadiene; pentacydo[7.4.0.l2.5.l9.i2.oB.i3i.3i,ertadecene derivative such as Pfntacy- 
Clo[7 40l2.®l9''2o8.i3j^^entadecene and methyl-subsBtuted pentacydoP'.4.0.1^» l^i-^-C-^l-S-pentadecene; 
heDta«rdofB70 1^'®.1^°".1^^-^^02.^0"''^-4-®oosene derivatives such as heptacy- 

w!!ro7n<3.6iid,i7 112,15^2,7 oii.i6i.4-j(^-ne and dimethyl-substituted heptacy- 

I'^Sjoi^-A^^^^^^^^^^^^ nonacyclo[10.9.1.l4/.li3f.li^.i«o3.B.O^.^o^ 
pS^nelrivativessuchasnonLcydot10.9.1.lV.lJ^f.1^^^ 

^substituted nonacycW03AA<rA^'-^A'^-'^.0^^^^^^^^^ ^^^7,' 

clo[840l2-5.1»-^2 08.i3j^.hexadecene derivatives such as pentacydop.4.0.l2.'.l9. 2.o8.^3]-3-hexadocene, 11- 
mettvlpentacydo[8.4.0.l2.5l9.i20«-i3h34iexadecene. 11-eMpentacyclo{8.4.0.l2.s l^. 2.o8.i3i^.h^ 
Voi1-Smethylpentacydot8.4.0.l2.5.l9'i2. 08-i3]-3-hexadecene: heptacydoiaao.l^-^.l"-^^ l^'-.O^". 0'^'^]-5- 

"Logo 1*-7 111.18 Ii3.i6o3'«0^2.l7j.5^,eneicosene and trimethylheptacyclo[8.8.0.1'»'^.li^'^° v3'".03'^.0i2.^']-5- 
henelcosene; nonacydo[l0.10.1.1«.« l^-^^.l^^-^^.O^^.O*-'. oi3.22.oi6.«>,^hBxaco8ened«ivativ^ aich as nonacy- 
Horioio 1 l5.8 111.21 ,16,19 (,2,11 o*.9 0^^.22 oi5,2(,j.6.h®cacosene; pentacydoI6.5.1.l3.8o2-''.o9^"pni^ntndeco- 
dSne 'methyl-substituted pentacydol6.5.1.l3.8.o2.7.o8.«H 11-pentedacadiene, trimethyl-suljsfituted 
DBntacvdor4 7 0 l^.s o8.".l8.^2j.3 -antadecene. pentacydo[4.7.0.l2.So8.i3.i9.i2i-3,10-pentadecadiene. methyl-sub- 
stituted ■ ■ pentecydo[4.7.0.l2.5o8.^3,9.i2j.3.io-pentadeoadiene. f 10 17 „ii i6 
rtaTTSO l3.6o2.7 iio,i7 qII^g .,i2,i5,^.eicosene. trimethyl-substituted heptacydoCT.S.O.I^'^.Q^.^. tio.i7 oii.i6 
4 icSte. iLmethyl-substituted !,eptacyclo[7.8.0.l3.8o=^.^.1^''".oi^.^« 1^2-^^-4-eicosene. t'teydo[4.3.ai2.^^.7- 
decadiene (i.e.. dicydopentadiene), 2.3-dihydrodlcydopentodlene. 5-phenylblcydoC2.2.1]hept-2-enB (i.e 5l^"enyl-2- 
norbomene). 5-methyl-5i)henylbicydoI2.2.11hept-2-ene, 5-ben2yl-bicydo[2.2.11hepl-2-ene, 5-tdylbcydo[2.2 IJhept- 
2-ene 5-(elhylphenyl)-bicyolo[2.2.lIhept-2-ene. 5-Ctsoprop!ylphenyl)-Wcyclo[2.2.1]hept-2-ene, 8-pheny -tebacy- 
clo[4 4 0l2-5l7.i0]^<lodecene. 8-methyl-8-phenyl-telracyclo[4.4.0.l2.5 l^-iOj-S dodecane, 8-benzyl-tetracy- 
clo4:4'.0>-^1^'^°l-3^ecene. 8-tolyl-tetracydo[4.4.0.l2-^1^-^'^-3<lodecene, ^H^^^^' 

tetracyclo[440 l^.^ i7.i0].3^ecene. 8-(isopropylphenyD-tetracyclo[4.4.0.l2.''.l7-n-3-dodecene. 8.9<liphenyl-tetra- 
cvdor44 0 l2.5.1^.i°I-3-dodecene. 8-(biphenyl)-tetracydoI4.4.0.l2.5.l7.«^^.dodecene. 8-{p-naphthyt)-teti|cy- 
clor44'o'l^-5.1^.^°l-3-dodecene. 8-{o-naphthyl)-tetracydo[4.4.0.l2.5lJ-\Ol-3-dodecene. 8-(anlhraoarryl)- 
te1racvclo[4 40 l^-^ f.ioi-s-dodecene, 1t-phenyl-he)cacydo[6.6.1.1*'*'.o2-^9.'"*l-4-heptadecene. 6-(a-naphthyl)-bicy- 
CM22 11-hept-2-ene. 5-{anthracenyl)-bicydo[2.2.11hept-2-ene. 5-(biphenyl)-bicydo[2.2.1]-hept-2-ene. 5-(p-naphthyl)- 
bicyclor2.2.11hept-2-ene. 5,6<liphenyl-bicydo[2.2.1]hept-2-ene. 9-(2-norborner>-5-yl)cart>azole. 1.4-rTietttano- 
1 4 4a 4b 5 8,8a 9a-octahydrof luorene and derivatives thereof; 1 ,4-methano-1 .4,4a.9a-tetrahydrof luorene and deriva- 
tive thereof, such as l.4-methano-1.4.4a,9a-tetrahydronuorene. 1.4-methano-8-methyt-1,4.4a,9a-tetrahydrof luorene. 
1 4.me1hano-8-diloro-l.4.4a9a-tetrahydrofluorene and l,4-methano-8-bromo-1,4,4a.9a-tetrahydrofluorene: 1.4-meth- 
ano-1 4 4a 9a-tetrahydrdjenzofuran and derivatives thereof; 1 ,4-methano-1.4.4a.9a-tetrahydrocarbazole and derwa- 
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tives thereof, such as 1.4-methano-1,4,4a,9a-tetrahydrocarbazole and 1.4<nethano-9-phenyl-1 4 4a.9a- 
tetrahydrocartjazole; 1.4-methano-1,4,4a.5.10.10a-hexahydroanthracerte and derivatives thereof such as lAmeth- 
ano-1 4 4a5,10.10a-hexahydroanthracene; 7JO-methano-6b.7.10.10a-tetrahydrcrfluoracene arid derwati*^ thereof; 
and compounds obtained by further adding cydopentadiene to cyclopentadieneacenaphttiylene adducts^ 1 1 • "•2-benzo- 
pentacydo[6.5.1.l3-6. o2.''.o9-i3]-4-pentadecene. 11.12-benzo-pentacycio[6.6.1.l3.6 o2.7o9-i^-4-hexadecene. 14.15- 
benzo-heptecydo[8.7.0.l2'9 1 ^ ^ .i^.o^^.O^^.i 6].5.ejcosene. and cyclopentadieneacenaphthylene adducts. 
[0061] These notbornene monomers may be used either singly or in any combination thereof. 

(Vinyl compound) 

[0062] Exanples of copolymerizable vinyl compounds include ethylenes or a^lefins having 2 to 20 carbon atoms, 
such as ethylene, propylene. 1-butene. 1-pentene. 1-hexene. 3-methyi-1-butene. 3-melhyl-1-pentene. 3-eBiyi-1-pen- 
tene 4-methyl-1 -pentene. 4-m6thyl-1-hexene. 4,4-dime1hyl-1-hexene, 4.4-dimethyl-1-pentene, 4-elhyl-1-hexene. 3- 
ethyl-1-hexene, 1-octene. l-decene, 1-dodecene. 1-tetradecene. t-hexadecene, 1-octadecene and l-eicosene; 
cydoolefins such as cyciobutene. cydopentene. cyclohexene. 3.4Klimethylcyclopentene, 3-methylcyclohexene, 2-(2- 
methylbutyO-1-cydohexene. cyclooctene and 3a.5.6.7a-tetrahydra-4.7-methano-1H-lndene: and non-oonjugated 
dienes such as 1.4-hexadiene. 4-me1hyl-1.4-hexadiene. 5-methyl-1,4-hexadiene and 1.7-octadiene. These vinyl com- 
pounds may be used either singly or in any combination thereof. 

zo (Catalyst and polymerizertion process) 

[0063] Withrespecttoacatalystandapolymerizationprooess.polymeri2ation may be conducted 

a process known per se in the art For example, the processes disclosed in. J. Organomet. ' ^^iflf/^^^ 

(1988). Japanese Patent Application Uid-Open Nos. 205408/1991. 63807/1992 and 262821/1993. and WO95/14048 

[0064] As a catalyst for the addition polymerization of a norbornene monomer, is used a catalyst comprising a transi- 
tion metal belonging to Group VIII of the periodic table as a main component. Examples of the transition metalbe^ong- 
ino to Group VIII of the periodic table include iron, cobalt, nickel, ruthenium, podium, palladium and platinum. Of Uiese. 
crtalt, nid«l and paHadium are preferred. Specific examples of the catalyst comprising such a transition metal as a 
30 main component Will hereinafter be mentioned. . „^j„...^ 

[0065] Examples of iron compounds include Iron (II) chloride, iron (III) chloride, iron (II) acetate, iron (II) «»tlf ceto- 
nate and ferrocene. Examples of cobalt compounds include cobalt (il) acetate, cobalt (II) acetylacetonate^ a*alU^ 
tetiafluoroborate. cobalt chloride and cobalt (II) benzoate. Examples of nid«l compounds inclixJe nickel acetate nickel 
acetylacetonate, nid«l carbonate, nidiel chloride, ntakel ethylhexanoate. nfekekjcene, NiCl2{PPh3)2 ^wherein Ph is a 
phenyl group). blsallylnid<el and ntekel oxide. Examples of palladium compounds '"^ude ^"3'*'"^' 
£3?paLium oxide. PdCl2(PPh3)2. PdCWPhCN)^. PdCl3(CH3CN)2. Pd(CH3CN)J[BFJeJPd(C2^^^^^^ 
panadium acetylacetonate and palladium acetate. Of these, palladium chloride. nid<el acetytacetonate, PdCl2(PhCN)2. 
rPd(CH3CN)4][BF4]2 are particularly preferred. ^, ^ ^^^^ 

10066] Th^ catalysts may be used either singly or in any combination thereof. The amount (rf <»*^ystus^ 
be suitably selected according to polymerization conditions and the like. However, it is generally 1/1,000^ to 1/10. 
oreferably 1/100.000 to 1/1 00 in terms of its molar ratio to the total amount of the norbornene monomer{s). 
ra067] In the present invention, a promoter may be used as needed. For example, aluminoxano is preferably used. 
As the aluminoxane. methylaluminoxane is preferably used. The promotors may be used eitherangly or in a"/ "J"*"- 
nation thereof. The amount of the promoter used is suitably selected according to the Wnd of the If «fnote;^«««f • 
the like When the aluminoxane is used as a promoter, the amount used is gwierally within a range of l to 100,000. pref- 
erably 5 to 1 0.000 in terms of a ratio (mdar ratio) of aluminum in «ie aluminoocane to the transition metal in the catalyst. 

i e.. aluminum/transition metal. ^ ' . , 

r00681 The polymerization reactton may be conducted either by bulk polymerization without using any solvent or in a 
solveiTt such as an organic solvent No partfcular limitatfon is imposed on the solvent so far as it is Inert to the polymer- 
izatkxi reaction. However, examples thereof include aromatfe hydroc^ns sudi as benzene, toluene ^J^"^' 
aliphatte hydrocarbons such as n-pentane. hexane and heptane; altoycllc hydrocarbons such as Qfclohexane|halogen- 
ated hydrocarbons such as styrene dichloride. dichtoroethane. dtohloroethylene. tetradiloroethane. cWorobenzene. 
dichlorobenzene and trfchlorobenzene; and nitrogen-containing hydrocarbons sudi as nitromethane. nitrobenzene, 

SSr'lT»eSly^'Sfon temperature is generally within a range of -50'Cto 250°C. preferably -ao^C to 200-C. more 
oreferably -aO'C to ISCC. and the polymerization pressure is generally wHhin a range of 0 to 50 kg/cm . preferadly 0 
to 20 kg/cm^. The polymerization time is suitably selected according topolymerization conditions, but is generally within 
a range of 30 minutes to 20 hours, preferably 1 to 10 hours. 
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[0070] An addition copolymer of a norbornene monomer and a vinyl compound can preferatily be obtained by, for 
example a process comprising copolymerizing the monomer components in a hydrocaitoon solvent or without using 
any solvent in the presence of a catalyst system con^sed of a vanadium compound and an organoalun«num com- 
pound generally, at a polymerization temperature of -50»C to 100°C and a polymerization pressure of 0 to 50 kg/cm^. 
[0071] The molecular weight of the norbornene addition polymer used is 500 to 500.000, preferably 1 ,000 to 200.000. 
more prelerably 5 000 to 1 00,000 when expressed by a number average nnolecular weight (Mn) in temns of polystyrene 
as measured by gel permeation chromatography (QPC) using toluene as a solvent or when expressed by a number 
average molecular weight (Mn) in terms of polyisoprene as measured by GPC using cyclohexane as a solvent if the pol- 
ymer is insoluble in toluene. 

[0072] If the number average molecular weight (Mn) of the norbornene addition polymer is extremely low. the mechan- 
ical strength of the polymer becomes poor. If the molecular weight is extremely high on the other hand, the rate of graft 
modification with the unsaturated compound selected from the group consisting of unsaturated epoxy compounds and 
unsaturated carboxylic compounds cannot be sufficiently heightened, and the processability of the resulting modified 
polymer is also deteriorated. . , _ 

[007M No particular limitation is imposed on the molecular weight distribution of the norbornene addition polymer. 
However it is preferred that its ratio (Mw/Mn) of the wreight average molecular weight (Mw) to the number average 
molecular weight (Mn) in terms of polystyrene as measured by GPC using toluene as a solvent be generally 4.0 or 
lower, preferably 3.0 or lower, more preferably 2.5 or lower, since the mechanical strength of the polymer is highly 
enhanced 

[0074] The glass transition temperature (Tg) of the norbornene addition polymer may be suitably selected as neces- 
sary for the end application intended. However, it is generally about 50 to 400»C as measured by a differentia^ scanning 
calorimeter (DSC). The norbornene addition polymer preferably has a high glass transition temperahjre berause a 
modified thermoplastic norbornene polymer having a high glass transition temperature can be obtained, deterioraton 
of mechanical strength of the modified polymer particularly in a region of high temperatures such as a temperature 
upon pad«ging of electronic parts and the like, and a reliability testing temperature is suppressed, and its viscosrty 
characteristics also become excePent. Even vrtien the glass transition temperature is comparatively low. howwer ttie 
heat resistance can be sufficienMy enhanced by using the modified polymer in combination with a crosslinking agent to 
form a crosslinked polymer. 

(Graft modification) 

[00751 The modified thermoplastic norbornene polymers according to the present invention can be produced by react- 
ing any of the above-described norbornene addition polymers with at least one unsaturated compound selected from 
the group consisting of unsaturated epoxy compounds and unsaturated carboxylic compounds in tiie presence of an 

Vma &lSes of the unsaturated epoxy compounds include glycidyl esters such as glycidyl acrylate. glycidyl meth- 
acrylate and glycidyl p-styrylcarboxylate: monoglycidyl esters or polyglycidyl estem of unsaturated polycarboiQ^ acids 
such as.endo-cis-bicyclo[2.2.1]hept-5-ene-2.3-dicaitooxylicacid and endo-cis-bicyclo[2.2.1Ihept-5-ene-2-me«vl-2.3- 
dicarboxylic acid; unsaturated glycidyl ethers such as aflyl glyddyl ether. 2-methylallyl glyddyl ettier. glycidyl « O" 
allylDhenol. glyddyl ether of nvallylphend and glyddyl ettier of p-allylphenol; and 2-(o-vinylphenyl)ethylene oxide. 2-(p- 
viiivtohenyl)ethylene oxide. 2-(o-allylphenyl)ethylene oxide. 2-(p-allylphenyl)ethylene oxide. 2-(o-vinylphenyl)proRylene 
oxider2-(p-vinylphenyl)propylene oxide, 2-{o^lylphenyl)prcpylene oxide. 2-(p-allylphenyl)propylene oxide, p-glyadj^- 
styrei^e 3 4-epoxy-1-butene. 3.4-epoxy-3-methyl-1-butene. 3,4-epoxy-1-pentene. 3.4-epoxy-3-methyl-1-pentene^.6- 
epoxy-1-hexene. vinylcydohexene monoxide and allyl-2.3-epoxycyclopentyl ether. Of these, the allyl glycidyl esters, 
allyl glyddyl ethers and epoiy group-containing a-olef ins such as S.6-epoxy-1-hexene are preferred. 
[0O771 These unsaturated epoxy compounds may be used eittier singly or in any combination thereof. 
[0O781 As the unsaturated carboxylic compounds, may be used unsaturated carboxylic adds or derivatives thereof. 
As ewmples of such unsaturated carboxylic adds, may be mentioned acrylic acid, maleic add. fumaric add. tetrahy- 
drophthalio acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic add and nadic acid (endo-as^woy- 
ctoB 2 llhept-5-ene-2,3-dicaitooxylic acid). As examples of derivatives of ttie above-described unsaturated carboxylic 
acids may be mentioned unsaturated caiboxylic add anhydrides, unsaturated carboxyfic acid halkJes. unsaturated car- 
boxylic acid amides, unsaturated carboxylic acid imides and ester compounds of the unsaturated cartxwylic acids. As 
soedfic exaiTples of such derivatives, may be mentioned malenyl chloride. maleimWe. maleic anhydride, attaconic 
anhydride monomelhyl maleate, dimethyl maleate and glyddyl maleate Of these, the unsaturated dicarboxylK: acids 
or acid anhydrides tiiereof are preferred, witii maleic acid and nadic add or acid anhydrides ttiereof being particularly 

prefen-ed. ._. ^. ^ « 

[00791 These graft monomers may be used either singly or in any combination thereof. 

[0080] The modified thermoplastic norbornene pdymers according to the present invention can be produced by sub- 
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iectinq such a graft monomer as described above and the norbomene addition polymer to graft modification by using 
C ^ vartous processes conventionally known. Examples of the processes include (1) a process compr«.ng melting a 
no*?rnerXioS^,lymer and adding a graft monomer to the melt to graft polymerize them, and (2) a Process conv 
Sng di^Mng a nortx.rnene addition polymer in a solvent and then adding a graft monomer to the solution to graft 
Sme^e them. In addition, methods for producing the modffied thermoplastic P^^^^^^ '^^ 

mShod in which a graft monomer is mixed with an unmodified norbornene addition polymer in such a rranner that the 
STgmft mS»?cLn of the resulting polymer reaches the desired rate, thereby mod^^ 
n wS a gZ-modified thermoplastic norbornene polymer having a high rate 

TdvarU aixl the modified themioplastic nottaornene polymer having the high rate of graft modrfication is dHuted with 
S un^S n^rSene addrti«7polymer to produce a fl«ft-modified thermoplastic 
desired rate of graft modification. In the present invention, any production process or method may be adopted. 
10081] in order to elficientfy graft copolymerize the graft monomer, it is generally preferred to carry out a reaction in 

the Dresence of a radical initiator. , ^ . , , . ^ 

0082] As the radital inrtiator, for example, organic peroxides, organic peresters. etc. may be preferably used. As spe- 
Samples of such organic peroxides, may be mentioned benzoyl peroxide. ^Ich orobei^oyl ^^--^-^^^^ 
oxide di-tert-butyl peroxide. 2.5<limethyl-2.5<li(peroxide benzoate)hexyne-3, 1 4-bi8(tert.tx.tyl 
^xyisopropyl)benzene. lauroyi permide. tert-butyl peracetale. 2.5<iimethyl-2,5Kii(tert-butyl perQxy)hexyne-3 2 5- 
Eh^SSrt-Ti" peraxy)hScane. tert-butyl perbenzoate. tert-butyl perphenylacetate. tert-butyl pensobutyrate^ 
S^SlSta tSutyl perpivalate. cumyl perpivalate and tert-butyl perdiemylacetete. In the present 
!^S!Sn.^o may also be used as the organic peroxides. As specific examples of the azo compounds, 

may be menfionedazobisisobutyronitrile and dimethyl azoisobutyrate. ^. , , ^ ^ , o K^«r«> 

IoaaS\ Of these benzoyl peroxide, and dialkyi peroxides such as dicumyl peroxide, di-tert-butyl peroxide. 2.5-dime- 
t^U?ertSJyl^erShexyne-3. 2,5^imelhyI-2.5-di{tert-butyl peroxy)hexane and 1 ,4-bis(tert-butyl peroxy.so- 
DroDvDbenzene are preferably used as the organic peroxides. ^ , . tu,r.^^^^^ 

25 SoSi These organic peroxides may be used either Singly orin any combination thereof. Aproportranof the organic 
S^ieimS^s^Serally withina JgeofCOOl to iOpartsbyv.eight,preterablyO.0l toSpartsby we«ht. morepref- 
erably 0.1 to 2.5 parts by weight per 100 parts by weight of the unmodified norbornene addition polymer, 
roosq NO pai^cular limitation is imposed on the graft-modifying reaction, and the reaction may ^^"'^^J^} 
Sance wfth a method known per se in the art The reaction is conducted at a temperature ot seneralh^ 0 to 40O'C. 
30 ^XX^toaVc-Thereactiontimeisgenerallywithinarangeof 1 minuteto24^^^^^ 

?ffSS'Se °co^le«on of the reaction, a 'poor solvent such as methanol is added in a great amomt to the reacjon 
system to deposit a polymer formed, and the polymer is collected by filtration, washed and then dried under reduced 
pressure, whereby a graft-modified poiymer can be obtained. 

•"35 (3) Modified thermoplastic norbornene polymer: 

[00861 The rate of graft modification (epoxy group content) of the modified IhermoplKtic ^'"^"^Jf^^J^l 
ing to the pTesent invention when graft^odified with an unsaturated epoxy compound is 

to 50 mol% preferably 5to 40 mol%. more preferably 10 to 35 mol% based on the total number of monomer units m 
40 the polymer H the epoxy group content is extremely low. the adhesion properly to other materials such as metals and 
SJSfe s Of theSedpolymer becomes deteriorated. If the epoxy group content is extremely h^h to the con- 
^TthTeEtrical ^cperties sudh as didectric constant, moisture resistance and the like of the modify polymer are 
deteriorated Ther^. both modified polymers having such an extremely low epoxy group content and an extremely 

. 'S^^ZZ::StrjS^t^ g-p cement, of the modeled then^piastic norbornene pcj^- 
a3dina to the present invention when graft-modified with an unsaturated carboxylic compound is generally wrth»^ a 
?Sr7toS) rSpreferablySto 40 mol%. more preferably 1010 35 
3n the polymer. If tTe content of the ca*oxyl group (including acid anhydrW^ 

oroDertvto other materials such as metals and silicon wafers of the modified polymer becomes detenorated If the car- 
so toW<S> f ont^fe extremely high to the contrary, the electrtoal properties sud^s dielectric '^'^'J^ 
rSIoeand the like of the modified polymer are deteriorated. TTierefore, both modified polymers having such an 
extremely low carboxyl group content and an extremely high carboxyl group content are not pref enred. 
[0088] The rate of graft modification is represented by the following equation (1): 

gs Rate of graft modification (mol%) = pc/Y) x 100 (1) 



wherein 
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X: the total number of moles of the modifying group introduced irrto the polymer by grafting of the unsaturated com- 
pound; and 

Y: the total number of monomer units in the polymer (weight average nnolecular weight of the polymer/average 
molecular weight of the monomer). 

[0089] X can be said to be the total number of moles of modifying residue introduced by the graft monomer and can 
be determined by ^ H-NMR. Y is equal to a ratio of the weight average molecular weight (Mw) of the polymer/the molec- 
ular weight of the monomer. In the case of copolymerizatioa the molecular weight of the nrronomer is defined as an 
average molecular weight of nDonomers. 

[0090] The molecular weights of the modified thermoplastic nortoornene polymers according to the present invention 
are within a range of 500 to 500.000, preferably 1,000 to 200.000. more preferably 5,000 to 100.000 when expressed 
by a number average molecular weight (Mn) in terms of polystyrene as measured by gel permeation chromatography 
(QPC) using toluene as a solvent or when expressed by a number average molecular weight (Mn) in terms of pdyiso- 
prene as measured by GPC using cyclohexane as a solvent if the epoxy group-containing norbornene polymer is insol- 
uble in toluene. If the number average molecular waght (Mn) of the modified polymer is extremely low, the heat 
resistance and moisture resistance of the polymer become deteriorated. If the molecular weight is e)ctremely high on 
the other hand, the solubility in alkali of the polymer upon formation of via diameters is lowered. Therefore, both modi- 
fied polymers having such an e)ctremely low molecular weight and an extremely high nidecular weight are not preferred. 
[0091] No particular limitation is inposed on the molecular weight dislrftxition off the modified thermoplastic nor- 
bornene polymers. However, it is prefen-ed that their ratios (Mw/Mn) of the weight average molecular weight (Mw) to the 
numberaveragenK)lecularweight(Mn) in terms of polystyrene as measured by GPC using toluene asaw^^^ 
erally 4.0 or lower, prefeiBbly 3.0 or lower, more preferably 2.5 or lower, since the mechanical strength of the modified 
polymer is highly enhanced. ^- 
[00921 The glass transition temperature (Tg) of the epoxy group<Jontaining noibornene polymers according to the 
present invention may be suitably selected as necessary for the end application intended. Howeva^. it is generally 50 to 
400'C The glass transition tempeiature of the modified polymers obtained by using an addition polymer composed of 
only a noibornene monomer is preferably 200 to 350-0, more preferably 230 to 320-G. The glass transition temperature 
of the modified polymers obtained by using an addition copolymer composed of a norbornene monomer and a vinyl 
compound is preferably 80 to 170*^0. more preferably 100 to 160X. 

Crosslinkina pnlymer connposition: 

[0093] The crosslinking polymer compositions according to the present invention conr^rise any of the above- 
described modified thermoplastic norkaornene polymers and a crosslinking agent as essential components. 
[00941 No particutar limitation is imposed on the method for crosslinking the crosslinking polymer compositions 
accotxJing to the present invention. For example, the crosslinking can be conducted by using heat, light, radiation and/or 
the like The kind of the crosslinking agent is suitably selected according to such means. When the epoxy groupKX)n- 
taining norbornene polymer according to the present invention is used, the ability to uniformly disperse vanous 
crosslirtfdng agents therein also becomes good. 

[009S1 Into the crosslinking polymer coitpositfons according to the present invention, as needed, a crosslinking aid, 
a flame retardant, other compounding additives, a solvent, etc. may be blended in addition to the crosslinking agent. 

(1) Crosslinking agent: 

[00961 In Older to crosslink the modified thermoplastic norbornene polymers according to the present invention, for 
example a method of crosslinking such a polymer by irradiation of radiation is also included. However, a method of 
crosslinking the polymer by blending a crosslinking agent is generally adopted. No particular limrtation is imposed on 
the crosslinking agent However. Q) an organic peroxide, 0 a crosslinking agent capable of exhibiting its effect by heat, 
® a crosslinking agent capable of exNbiting its effect by light, or the like is used. 

©Organic peroxide: 

loom Examples of the organic peroxide include ketone peroxides such as methyl ethyl ketone peroxide and 
cvclohexanone peroxide; peroxyketals such as 1.l-bis(t-butyl peroxy)-3,3,5-trimethylcydohexane and 2.2-bis(t-butyl 
Deroxy)butane: hydroperoxides such as t-butyl hydroperoxide and 2,5-dimethylhexane-2,5-dihydroperoxide: dialkyi per- 
oxides such as dicumyl peroxide, 2,5^methyl-2,5<ii{t-butyi peroxy)hexyne-3 and a,a'-bis(t^butyl peroxy-m-isopro- 
pyDbenzene; diacyi peroxides such as octanoyi peroxide and isobutyryl peroxkJe; and peroxyesters such as 
peroxydicaitionate. Of these, the dialkyi peroxides are prefen-ed from the viewpoint of performance of the crosslinked 
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resin. It is preferred to change the kind of the alkyi group according to the forming or molding temperature. 

[0098] The organic peroxides may be used either singly or in any combination thereof. The amount of the organic 

peroxide blended is generally 0.001 to 30 parts by weight, preferably 0.01 to 25 parts by weight more preferably 1 to 

20 parts by weight per 100 parts by weight of the modified thermoplastic norbornene polymen The blending amount 

within this range is preferred because crosslinkability of the resulting composition, and properties of the crosslinked 

resin, such as electrical properties, chemical resistance and water resistance, are balanced wrth one another at a high 

le^el. 

@ Crosslinking agent capable of exhibiting its effect by heat: 

[0099] No particular limitation is imposed on the crosslinking agent capable of exhibiting its effect by heat so far as it 
can cause a crosslinking reaction by heating. Examples thereof include aliphatic polyamines such as diamines, tri- 
amines and still higher polyamines. alicyclic polyamines, aromatic polyamines, bisazides, acid anhydrkles. dicarboxylic 
acids, pdyhydric phenols and pdyamides. Specific examples thereof include aliphatic polyamines such as hexameth- 
yienediamine triethyienetetramine. diethylenetriamine and tetraelhyleneperitamine; alicyclic polyamines such as 
diaminocyclohexane, 3(4).8{9)-bis(aminomethyl)tricyciot5,2,1,o2.^decane, 1,3-(diaminomethyl)cyc!ohexane, menthen- 
ediamine, isophoronediamine. N-aminoethylpiperazine, bis(4-amino-3-methylcyclohexyl)methane and bis(4^aminocy- 
clohexyl)methane; aromatic polyamines such as 4,4»-diaminocfiphenyl ether, 4,4'-diarT^nodphenylmethane. a,a'-bis(4- 
aminophenyl)-1.3-diisopropylbenzene, a,a'-bis(4-aminophenyl)-1,4-diisopropylbeniene, 4,4'-dlanr«nodiphenyl sulfbne 
and m-phenylenediamine: bisazides such as 4.4*-bisazidobenzal{4-methyl)cyc!ohexanone, 4,4'-diazidochalcone. 2,6- 
bis(4*-azidoben2al)cyclohexanone. 2,6-bis{4'-azidobenzal)-4-methylcyclohexanone, 4,4^-diazkJodiphenyl sulfone, 4.4*- 
diazWodiphenylmethane and 2,2'-diazkiostilbene; acid anhydrides such as phthalic anhydrkle, pyromellitic anhydride, 
benzophenonetetracarboxylic acid anhydride, nadic anhydride, 1 ,2-cyclohexanedicarboxylic add and maleic anhy- 
dride-modified polypropylene; dicartjoxylic acids such as fumaric acid, phthalic acid/ maleic acid, trimellitic acid and 
himic acid; polyhydric phenols such as phenol novolak resins and cresd novolak resin; polyhydric alcohols such as tri- 
cydodecanediol, d'qohenylsilanediol, ethylene glycol and derivatives thereof, diethylene glycol and derivatives thereof, 
aiid triethylene glycol and derivatives thereof; and polyanDides such as nylon 6, nylon 66, nylon 610, nylon 11, nyton 
612, nylon 12. nylon 46, methoxymethyiated pdyamide. polyhexamethylenediamineterephthalamide and polyhexam- 

ethylene isophthalamide. ^ ^ ^ *; 

[0100] These crosslinking agents may be used either singly or In any combination thereof. Of these, the aromatic 
polyamines. add anhycfrkles. polyhydric phenols and polyhydrk: alcohols are preferred for reasons of providing a 
crosslinked resin excellent in heat resistance, mechanfcal strength, adhesion property and dielectric properties (low 
dielectric constant and di^ectric loss tangent). Among others. 4,4-diaminodiphenylmethane (aromatic polyamine) and 
polyhydric phenols are particularly preferred. , 
[0101] Nk) particular limitation is inposed on the amount of the crosslinking agent blended. From the viewpoints of 
being aWe to efficiently conduct a crosslinking reaction and improve the physical properties of the resulting crosslinked 
resin and bmng profitable, however, it is generally within a range of 0.001 to 30 parts by weight, preferaWy 0.01 to 25 
parts by weight, more pref^aWy 1 to 20 parte by weight per 100 parts by weight of the modified thermoplastic nor- 
bornene polymer. If the amount of the crosslinking agent is too Ittlle. the resulting composition becomes hard to undergo 
crosslinking. and so suffrctent heat resistance and solvent resistance cannot be imparted to the composition. To the 
contrary, any amount too great results in a aosslinked resin lowered in properties such as water-absorption property 
and dielectrki properties. It is hence not preferable to use the crosslinking agent in any amount outekJe tiie above range. 
Therefore, the blending amount within this range is preferred because tiiese properties are balanced with one another 

^01^02?^ /^needed, a crosslinking accelerator (hardening accelerator) may also be blended to enhance the efficiency 
of the crosslinking reaction. , • 

[01031 As examples of the hardening aocelerator, may be mentioned amines such as pyridine, benzyldimettiylamine. 
triethanolamine. triethylamine and imidazoles. The hardening accelerator is added in order to regulate tiie rate of tiie 
crosslinking reaction and further enhance the effteiency of the crosslinking reaction. No particular limitation is imposed 
on the amount of tiie hardening accelerator blended. However, it is used witiiin a range of ggnerally 0.1 to 30 parts by 
weight, preferably 1 to 20 parts by weight per 100 parts by weight of the thermoplastte norbornene polymer. The Wend- 
ing amoum of the hardening accelerator within titis range is preferred because crosslinking density, dielectric proper- 
ties, water absorption and the like of tiie crosslinked resin are balanced witii one another at a high level. Among others, 
imidazoles are preferred in that a crosslinked resin excellent in dielectric properties can be provkfed. 

® Crosslinking agent capable of exhibiting its effect by light: 



[0104] No particular limitation is imposed on tiie crosslinking agent (hardener) capable of exhibiting its effect by light 
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so far as it is a photoreactive substance which reacts with the nrodrfied thermoplastic norbornene po ymer by ""radiatoon 
o^artinfc is such as ult-aviolet rays such as g rays, h rays or i rays, far ultraviolet rays. X rays or electron rays to foj^m 
a Smpourid. Examples thereof include aromatc bisazide compounds, photo^nduced amme generato-s 

and photo-induced acid generators. . „_u-,^, -i 

10105] Specific typical examples of the aromatic bisazide compounds include 4.4'-diaz.dochal^ne, 2.6 J. J4 .azrio- 
beiua )cydoh«anone. 2.6-bis(4-^idobenzal)-4-methylcyclohexanone. 4.4'-diazidod,phenyl 8ulfoneJ^4-d.az.doben- 
z^:ZTl?2zi^nen,t 2.7.1iazidofluorene and 4.4'-diazidophenylmethane. These compounds may be used 

S'T^fc :::^mp.To?SS5rLuced amme g.,erato.in..ude onitrobenzyloxycarbonylcarbamates. 2.6- 
Sen^o^carbonylcarbamatT^ and «.«Klimethyl-3.5-dimethoxybenzyloxycarbonylcart)amates of aromatc 
amS o"Sfic aZes. More specifically, there may be mentioned o-nitrobenzyloxyca,bony^art)amates of an.hne. 
rdo^eSlSSne piperidine. hexamethylenediamine. triethylenetetramine, 1.3-(diaminomethyl)cyctohexane. 4.4- 
5!SnTn^!rrr^etSe?4.4--diaminodiph4l^^^ phenyfenediamine and the lika. These compounds may be used 
pither sinatv or jn any combination thereof. .... 
foiff^ KeToto-L^ acki generator is a substance which forms a Br0r«ted add or Lew.s aad upon expost«re 
to actinic rays Examples thereof include onium salts, halogenated organic compounds, qujnoned^^de compounds, 
aa-bis(suSHiyl)diazomethane compounds. a-catbonyl-a-sulfonytHJiazomelhane compounds, sulfone compounds. 
:;iScS^L compounds. organicacW amide compoundsa^ 

wNch cleave upon expire to the aclinic rays to form an acid, may be used either singly or in any combinabon thereof. 
SSl TSJ^other photo-c«Jnking agents, may be mentioned benzoin alky, ether compounds s^e^ 
3n etfvl eth^ and benzoin isobutyl ether; benrophenone compounds such as ^w^^fPh^iOTe. methyl-ojen^irf 
b^oLl2dJ5.<Jichlorobenzophenone:benzylconpou^ 

OTnSunds suih as 2.2.diethoxyacetophenone. 2-hydroxy-2-methylpropiophenone. ^:l^<^-^-^^-^1^^- 
SShenonri.l-dic^loroacetihenone. 2,2-diethoxyacetophenone and 4'-phenoxy-2.2KJichloroacetophenone: thi- 
Shwne^onpoS such^ 2-chtorothioxanthone. 2-methylthioxanthone and 2.isopropylth>oxartthonc: 
aiS^e cTn?^nds such as 2-ethylanthraquinone. 2-chloroanthraquinone and naphthoquinone: 
SnSn3^sL^-hydroxy-2-melhylpropl<phenoneand4-^ecyl-2-hydr^^^^ 

acwmetal salts such as cobatt oclenate. cobalt naphthenate. manganese octenate and ■^;9an^J«grthenate 
roi091 NO particular Hmttation is imposed ori the amount of these photoreactive compounds blended. From the view- 
Sof Sn^e to eJSy conSuct the reaction with the modHied thermoplastic norbornene f^J"^-;^!;^ 
Kepl^cll properties of the resulting crossnnked re^^^ 

^0 OO1T3O parS^by weight, preferably 0.0t to 25 parts by weight, more F^ferably 1 to 20 parts by v^'QW Per 100 
^b w«ghtofthemodiSedtLmoplasticrortx,rnene^^^^^ 

little. ^ e resulting composition becomes hart to undergo crosslinking. and so sufficient heat '^^f^^^^ 
verresistencecannotbeimpartedtothe composition. On the other hand, any amounttoogr^ 
Sn Lered in properties sJich as water-absorption pmperty and dielectric pro^^^^ 
;^;tSeaclivecW>und in any amount outside theabove range. Therefore 
is preferred because these properties are balanced with one another at a high level. 

(2) Crosslinking aid: 

[0110] in the present invention, a crosslinking aid may be used for the purpose of more enhancing the crosslinkability 
and the dispersibility of the compounding additives. .„ 
?oTl 11 iSparticuiar limitation is iirposed on the crosslinking aid. Publicly known compounds disdos^ '"J^^ 
PaterJ AppliSon Laid-Open Na 34924/1987 and the like may be used. Examples thereof include oxime • nrtrosojype 
cSSS^as quinone dioxime. benzoquinone droxime and p-nitrosophenol; maleimide type crosslinking 
arsu^l^-^e^Iinebismaleimide; allyl type crosslinking aids such as dial^ P''«^,t*^'^'JKr,T2.S 
WaHrteowanJrate- melhacrylatetype crosslinking aids such as ethylene glycol dimethacrylale and trimethylo(?ropane 
SSSSL S^T^a a^inwng akte such as vinyltoluene. ethyMnylbenzene and divinylbenzene. Of these. 
SrS?2acrSnkir2Sds and methacrylite type ^^^^^^ 

Sed However, it is generally 0. 1 to 10 parts by weight, preferably 0.2 to 5 parts by weight P^'* we.£rt o^^^^^ 
CT«slinWr« agent If the amount of the crosslinking aid added is too little, the resulting composrtion becomes hard to 
uS^c^rn Jng. On the other hand, any amoum too great results in a cm«^^^^^ 
electrical properties, moisture resistance and the like may be deteriorated. 
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(3) Flame retardant: 

[01131 The flame retardant is not an essential corrponent. However, it is preferred that the flame retardant be added 
to the modified thermoplastic norbornene polymer compositions when the composrtion is used for electronic parts. No 
particular limitation is imposed on the flame retardant. However, those which undergo none of decomposition, denatur- 
ation and deterioration by the crosslinking agent (hardener) are prefen-ed. 

[0114] Various kinds of chlorine- or bromine-containing flame retardanls may be used as halogen-corrtaimng flame 
retardants. From the viewpoints of flameproof ing effect, heat resistance upon forming or molding, dispersjbilrty in reans 
and influence on the physical properties of the resins, however, the following flame retardants may tje preferaWy used. 
Namely preferable examples thereof include hexabromobenzene. pentabromoethylbenzene. hexabromohphenyl, 
decabroTTKxliphenyl. hexabromodiphenyl oxide, octabromodiphenyl oxide, decabromodiphenyl oxide, perrtabronrjocy- 
clohexane. tetrabromoblsphenol A and derivatives thereof [for example, tetrabromobisphend A^«{hydrc»vet»iyl ettier). 
tettabromobisphenol A-bis(2.3-dibromopropyl ether), tetrabromobisphenol A-bis(bromoetfyl etfier) tetrabrornobisphe- 
nol A-bis(allyl ether), etc.]. tetrabromobisphenol S and derivative thereof [tor example, tetrabromoblsphenol S- 
bisfhydroxyethyl ether), tetrabromobisphenol S-bis(2.3<libronr«propyl ether), etc.]. tetrabromophthalic anhydrjde and 
derivatives thereof [for exairple, tetrabromophlhaHmide, ethylenebistetrabromophthalimide. etc.], ethylenebisp^- 
dibromonorbornene-2,3<licarboxyimide), tris-(2.3-dibromopropyl-1) isocyanurate. adducts of hexabromocydopentedi- 
ene by Diels-AWer reaction, tribromophenyl glycidyt ether, tribromophenyl acrylate. ethylenebistribromof^enyl ether. 
ethylenebispentabronK)phenylether.tetiadecabromodiphenaxyben2ene.brominated polystyrene, bromi^^ 
nylene oxide, biominated epoxy resins, brominated polycarbonate, polypentabromobenzyl acrylate. octabromonaph- 
thalene. hexabrotrocydododecane. bis(tribromophenyl)funiaramide and N-methylhexabromodiphenylarriine. 
[01151 These flame retardants may be used either singly or in any combination thereof. The amount of the flanie 
retardant added is generally 3 to 150 parts by weight, preferably 10 to 140 parts by weight, partoulariy preferably 15 to 
120 parts by weight per 100 parts by weight of the modified thermoplastic nortx)rnene polymer. ^. „ ^ 

101161 As a flame retardant auxiliary for causing the flame retardant to nrore effectively exhibit its flameproof ing effect, 
for example, an antimonial flame retardant auxiliary such as antimony trioxide. antimony pentoxide. sodium anfmo"^® 
or antimony trichloride rrtay be used. These flame retardant auxiliaries are used in a proportion of generally 1 to 30 
parts by weight, preferably 2 to 20 parts by weight per 100 parts by weight of the flame retardant. 

30 (4) other polymer components: 

[0117] In the present invention, rubbery polymers and other thermoplastic resins may be blended into the crosslinking 
Dolvmer compositions as needed. _ . j. , j ■ 

mi18] The robbery polymers are polymers having a glass transition temperature of 40°C or lower and include general 
mbber^ikepolymeJauid thermoplastic elastomers. The Mooney 

suitably selected as necessary for the end application intended and is generally 5 to 200 ^^^-^r^x 
roi191 Examples of the rubber-like polymers include rthylene-a-olefin type rubbery polymers; ethylene-a-olefin-pol- 
vene terpolymer rubbers; copolymers of ethylene and an unsaturated carboxylic acid ester, such as ethjjene-mefriyl 
methacrylate copolymers and ethylene-butyl acrylate copolymers: copolymers of etMene and a 
such as ethylene-vinyl acetate copolymers: polymers of acrylic acid alkyi esters such as ethyl acrylate. butyl awyfate. 
hexvl aaylate 2-ethylhexyl acrylate and lauryl acrylate: diene rubbers such as pdybutadiene. pdyisoprene. styrene- 
butadiene or Wrene-isoprene random copolymers, acrylonitrlle-butadiene copolymers buladiene-isoprene copoly- 
mers butadiene-alkyi (meth)aCTylate copolymers, butadiene-alkyi (meth)acrylate-aGrylonitnle terpolymers and butadi- 
ene-^lkyl (meth)acrylate-acrylonitrile-styrene tetrapdymers; and bulylene-isoprene copolymers 
45 roi201 Examples of the thermoplastic elastomers include aromatic vinyt-conjugaled diene block copolymers such as 
Btyrene-butadiene block polymers, hydrogenated styrene-butadiene bkx* copolymers, styrene-isoprene Wock copoly- 
mers and hydrogenated styrene-isoprene block copolymers, low crystalline pdybutadiene resins, ff^^^^^ 
elastomers, styrene-grafted ethylene-propylene elastomers. Ihemioplastic polyester elastomers, and ethylenic lonomGr 
resins Of these thermoplastic elastomers, the hydrogenated styrene-butadiene block copolymers and 
so stvrene-isoprene block copolymers are prefened. As specific examples thereof, may be mentioned those descnbed in 
CLXrt 5UncatiWuidA>en NOS. 133406/1990. 305814/1990. 72512/1991 and 74409^1991 eto. 
[01211 Examples of the other thermoplastic resins include kw density polyethylene, high density polyethylene, linear 
low density polyethylene, very low density polyethylene, ethylene-ethyl acrylate copolymers, ethylene-vinyl acetate 
copolymers, polystyrene. poly(phenylene sulfide). poly(phenylene ether), pdyamide. polyester, polycaibonate and cel- 

^ tflilSr^'^^ e rubbery polymers and other thermoplastic resins may be used either singly or in any combination 
thereof. The Wending amount thereof is suitably selected v«thin limits not impeding the objects of the present invention. 
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(5) Other compounding additives: 

roi231 To the crosslinking polymer compositions according to the present invention, may be added proper amourits 
of other compounding additives such as heat stabilizers, weathering stabllfeers. leveling agents arrtistatic agents, slip 
agSfe a^Xking agents, anti-fogging agents, lubricants, dyes, pigments, natural oil. synthetic oil. wax and organic 

?OT2«^ S?I!!ifto i^lSS.ereof include phenolic anfioxWants such as tetraklstmethylene-3(3 5^;t*u^^^ 
iphenyl) p«.pionate]methane. alky! p-(3.5^i-t-toutyM-hydroxyphenyl)propionates and 2-2:-oxamidob.s[e1W-3(3,^^^^^^ 
SSMricyphenyl) propionate]: phosphoric stabilizers such as trisnonylphenyl phosphite. tr.s(2.4^^.-t4«.tylpheny^) 
phosphteand tris{2.4-di-t-butylphenyl) phosphite; fatty acid metal salts such as zinc stearate. calcium stearate and ral- 
S2 hydroxy^ekrate; polyhydric alcohol tstty add esters such as glycerol monostearate, glycerol "^"o'^^^ate. 
g^erol SSSte. pentae^y?.ritol monostearate. pentaerythritol distearate and pentaerythritol tristearate; synth^c 
hydrotaldte: amine type antistatic agents; leveling agerrts for paints, such as fluorine-contain.ng nonionK; suriadante^ 
Secial acrylic .tesin type l««ling agents and silicone type leveling agents; coupling agents such as silane coupling 
agents, titanate coupling agents, aluminum-containing coupling agents and zircoaluminate coupling agents; plasfcraz- 

ers- and colorants such as pigments and dyes. ... ^ 

[01251 Asexamplesdtheorganicorino.ganicfillers.maybemenlionedsilica.diatoniac^^^ 
oxide magnesium oxide, pumice powder, pumice balloon, basic magnesium carbonate, dolomite, calcium sulfate. 
SiiSi^ate. barium sulfate, Sum sulf rte, talc, clay, mica, asbestc^^glass fibers, glass 'j'' 
cium siHcate. montmorillonite. bentonite. graphite, aluminum powder, molybdenum sulfide, boron fibere. silicon catode 
fibers, polyethylene fibers, polypropylene fibers, polyester fibers and polyamide fibers. 

(6) Solvent: 

[01261 In the present Inventton. the modified noibomene polymers may be dissolved in a solvent to prepare impreg- 
natina solutions for prepregs. produce sheets by a solution casting method, orfomi films by a coatmg method. 
mS] the modified themioplastic norbomene polymer Is dissolved in a solvent, examples of the 

solvent used include aromatic hydrocarbons such as toluene, xylene and ethylbenzene; aliphatic Mroca*ons sudi as 
n^^!h^ and heptane; alicydic hydrocarbons such as cyclohexane; and halogenated hydrocartwns sudi as 

chlorobenzene.dichlorobenzeneandtrichlorobenzene. i:*-^ 4»,«,^„ioe«/. nnr 

[01281 The solvent is used in an amount suffidenl to uniformly dissdve or disperse the modrfied <hernx,pte^c nor- 
b Jn^e polymer and the individual components optionally Wended therein. The amount .s a^^^'^'V «'"t"'»f '"^^ 
a manner thata solids concentration amounts to 1 to 80 wt%. preferably 5 to 60 wt.%. more preferably 10 to SO wt ^. 

Inyitotinq material: 

[01291 The epoxy groifKX)ntaining noibomene polymers and crosslinWng polymer compositions ^^'^i^^^ 
prS^rnvention are partolariy useM 
photo-crossl'mked moldings, etc. 

[Heat-crosslinked moldingi 

[01301 The crosslinking polymer compositions according to the present im^ention can be used in the fof^Vof^fjo^ 
Skis of moldings. The aosslinWng polymer composition is molded after dissdving it in a solvent so s& ^ff Vff 
SSJton of^Wability due to ciossBnking in the course of mowing, or by melting it a ^^"^^^.^^r 
unSwes no crosslinking. or crosslinking proceeds only at a sufficiently low rate. Spedf ically. the crosslinking pdymer 
^SSSSn^Sved in a solvent is cast, and the solvent is removed to form a sheet (or a film), or a base material is 
impregnated with the composition dissolved in the solvent to conduct nwlding. 

(1) Prepreg: • 

[0131 1 AS a specific example of moldings of the aossiinWng polymer compositions according to the pr^ invaiMoa 
Say be menttoned prepregs^ Eadi prepreg is produced by unHom.ly dissdving or dispersing the aossl.nk.ng pdym^ 
^^•ZSi v^ous Impounding additives in a solvent sudi as toluene, cydohexane or ^"^-"^^^^l 
r SSnJbase material with ttie solution or dispersion and then drying the base material to remove the solvent. The 
oreorea is preferably produced so as to give a thickness of about 50 to 500 Jim. 
SS^ rthe solved may be usedany of sud. solvents asdescribedabovejhea^ 
frolled in sudi a manner that the solids concentration of the sdution amounts to generally 1 to 80 wt.%. preferably 5 to 
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60 wt.%, more preferably 10 to 50 wt.%. 

[0133] Examples of usable reinforcing base materials include paper base materials (lirtter paper, kraft paper, etc,), 
glass base materials (glass cloth, glass mat. glass paper, quartz fibers, etc.) and synthetic resin fiber base materials 
(polyester fibers. Aramide fibers, etc.). These reinforcing base materials may be surfece treated with a treating agent 
such as a silane coupling agent. These reinforcing base materials may be used either singly or in any combination 

thereof. . ^ - . * • i - 

[01 34] The amount of the modified thernnoplastic norbornene polymer composition to the reinforcing baso material is 
suitably selected as necessary for the end application intended. However, it is generally 1 to 90 wt.%, preferably 10 to 
60 wt.% based on the reinforcing base material. 

(2) Sheet: 

[01 35] As a specific example of moldings of the crosslinking polymer compositions according to the present invention, 
may be mentioned sheets. No particular limitation is imposed on a process for producing such a sheet However, a cast- 
ing process is generally used. For example, the crosslinking polymer composition according to the present invention is 
dissolved or dispersed in a solvent such as toluene, xylene or cydohexane so as to give a solids concentration of about 
5 to 50 wt.%, the solution or dispersion is cast or coated on a support having a smooth surface, the solvent is removed 
by drying or the like, and the dried product is separated from the support to obtain a sheet When the solvent is removed 
by drying, it is preferred to select a method by which foaming by rapid drying does not occur. For example, it is only nec- 
essary to volatilize the solvent to a certain extent at a low temperature and then raise the temperature so as to suffi- 
ciently volatilize the solvent. ^ i • 
[0136] As the support having the smooth surface, may be used a planished metal plate, a earner film made of a resin, 
or the like. When the resin-made carrier f am is used, a solvent to be used and drying conditions are determined taking 
the solvent resistance and heat resistance of a material of the carrier film into consideration. 
[01 37] Sheets obtained by the casting process generally have a thickness of about 10 urn to 1 mm. Tliese sheets can 
be used as interlayer insulating films, films for forming moistureproof layers, etc. by crosslinking them. They may also 
be used in the production of laminates which will be described subsequently. 

(3) Laminate: 

[0138] As a specific exanple of moldings of the crosslinking polymer compositions according to the present invention, 
may be mentioned laminates. Specifically, such a laminate is obtained by stacking a plurality of the above-described 
prepregs and/or uncrosslinked sheets on one another and hot-pressing them, thereby crosslinking and mutually fusion- 
bonding them into a necessary thickness. When a laminated sheet is used as a circuit board, a circuit is formed by. for 
exanple, ian^nating an electrfoally conductive layer for wiring composed of a metal foil or the like, or etching the surface. 
The dectrically conductive layer for wiring may be laminated not only on the outer surface of the laminated sheet as a 
finished article, but also on in the interior of the laminated sheet acconding to the purpose. In order to prevent warpage 
upon a secondary processing such as etching, it is prefenred to laminate laminating materials in conrrt>ination so as to 
vertically symmetrize. For example, the surfeces of the stacked prepregs and/or sheets are heated to a fusion-bonding 
40 temperature according to the norbornene resin used or higher generally ^ut 150 to 300*>C. and they are pressed 
under a pressure of about 30 to 80 kgf/cm^, thereby crosslinking and mutually fusion-bonding the respective layers to 
obtain a lanrtinaited sheet. . . ^ ^ 

[01391 Other methods for applying a metal to these instating layers or a base matenal include vapor deposition, elec- 
troplating, sputtering, ion plating, spraying and layering. Examples of metals commonly used include copper, nickel, tin. 
45 Silver. goW. aluminum, platinum, titanium, zinc and ctwomium. Ck>pper is oftenest used in circuit boards. 

[0140] The moldings from the crosslinking polymer compositions according to the present invention can be provided 
as CTOsslinked moldings by heating them to a certain temperature or higher by themselves or in the form of laminates 
to crosslink them. 

[0141 ] In the case where the crosslinking is conducted by healing (using a heat-aosslinking agent), the temperature 
50 is mainly determined by a combination of an organic peroxide and a crosslinking aid. Howevej the crosslinking is con- 
ducted by heating a molding to a temperature of generally 80 to 350*0. preferably 120 to 300*>C. more preferably 150 
to 250*^0 Crosslinking time is preferably determined to be about 4 times as much as the half-life of the organic peroxide, 
and is generally 5 to 120 minutes, preferably 10 to 90 minutes, more preferably 20 to 60 minutes. Examples of the 
crosslinked moldings include laminated sheets, circuit boards, multilayer-interconnection laminates and films for form- 
55 ing moistureproof layers. 
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[Photo-crosslinked moldings] 

[0142] Condrtions in the case virfierecrosslinWng is condurted by exposure will now be ^ . ^ 

0143] As a preferable example of the crosslinked moldings, a laminate of a mulBlayer-interconnecton structure will 
hereinafter be described. No particular limitation is imposed on the kind of the crosslinWng agent used m tt«s case. 
How«/er. it is preferred that a photo-crosslinking agent be blended when higher-density ^^-^y Jf"^;;^^ ^ 
1014*] -me laminate of the multilayer-interconnection structure is produced by applying the crosslintang polymer com- 
position according to the present invention on to a substrate having a wiring layer (lower layer) in which a pattern has 
KSimed. drying the composition toformafilm (insulating layer).exposing the film 

dissolving the exposed film with a developer to remove a part of the film so as to fbrm via holes and then fonrung an 
additional wirinilayer (upper layer) thereon. The formation of the insulating layer and wiring layer may be repeated to 
form a more higher multilayer structure. 

(a) As the substrate having the wiring layer in which the pattern has been formed, there may be used, for emmple, 
a substrate-such as a ceramic or silicon wafer, on which a first metal wiring has been formed by cleaning the sur- 
face of the substrate by sputtering, forming a film of aluminum in a thid^ness of up to about 4 >un by a SF^rttering 
method, successively forming a film of chmmium in a thickness of about 0.15 ^m to fbrm a passivaton film, and 
then selectively etching chromium and aluminum. 

(b) A solution of the crosslinking polymer composition according to the present invention is *en applied by a spin 
coating or casting method on to the substrate having the patterned wiring layer and then prebaked at about 90 ID 
lOO-CforabouteosecondstolOminutestofbrmafirstinsulatinglayer. 

(c) The formation of via holes in the insulating layer is conducted in the following manner When the crosslintang 
Symer composition contains the crosslinking agent capable of exNbi«ng rts effect by heat '^^^^ 
corrpletely cured at 250''C or higher for 3 hours in a nitrogen atmosphere, and via holes 10 to 50 urn d«"»Jer 
are then formed by an ewimer laser or the Hke. When the crosslinking polymer composition wjrtains^ photo- 
crosslinking agent, the insulating layer is exposed to ultraviolet rays under conditions of 1 to «) mJA:nr= i«ir« a 
photomask, devetoped with an organic solvent such as totuenetoform via holes io to 50 nm in diameter, and then 
cured by heating it at 250»C or higher fbr 3 hours in a nitrogen atmosphere. ^' ,, 

(d) The formation of the wiring layer as the upper layer is conducted in the foltowing manner. A second metal l^er 
te fomied on the insulating layer, in which the via holes have been formed, in the same mann^ as in thes^a)to 
form the second metal wiring layer having a conductor width and conductor spacing of 20 to 50 ^m, respechvely. 

(0145] An interlayer insulating layer comprisingS to several insulating films can befornned by '«P!««"3 JJ^P"^?^,^ 
(b) to (d). These laminates of the multilayer-interconnectfon structure are useful as mulb-chip r.iod-jles (IWICIWIs). build- 
35 up sutistrates and the like. 

(4) Crosslinked molding: 

roi461 'Exanvles of aosslinked moWings according to the present invention include laminated sheets, circuit boards, 
rteriaver insulating films and f ims tor forming moistureproof layers. The crosslinked moWings according to thepresent 
i^Sie^Sha^awater absorption^ 

ZSoSs toToOS as measured at a frequency of 1 MHz. Therefore, the moldings according to thepresent 
SiSn are s^erior in moistore resistance and electrical properties to the conventional thermosetting resin moW ngs. 
S^t r^ETthTcrosslinked motdings according to the present invention is equal to that of the con^ert«nal 
?«iSS Sr.«)ldings. Aoco««ngly. even v^en a laminated sheet on which a copper fo has been ls««nated « 
SZwihto^nteclwrthasoWer of 260«C for 30 seconds or withasoWw 

deSSiof the metal layer such as the copper foil and/or occurrence of blister is not obsen/ed. m additran. the 
^SS^kTnyiccordingtothe present invention 

SXa^el sLS^of generally 1 .4 to 25 kg/orf . This is f&r improved compared wrth the conventiom.1 thermo- 
Jlh^Sr^mene ^E. From these results the lamin^ed sheets which are crosslinked moldings according to the 
oresent invention are suitable for use as circuit boards. 
r01471 Moldings obtained by using the crosslinking polymer compositions accoiding to the present invention as Iher- 
mwiic^S^rfuseful as electLlc parts such as connectors, rela^ 

SSSdL^Sfin^ parts tor semiconductor devices such as transistors, ICs and LSIs; and body tubes for optical 
m lenses and Darts such as polygon mirrors and Fe mirrors. j. , _j 

rami vvten the crosslinWng polymer convosmons according to the p 

in an oraanic solvent they are useful for uses such as sealing materials for potting and cast moWing. 

[01491 When the crosslinking polymer compositions according to the present invention are used as fransfer molding 
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materials, they are useful as packaging (sealing) materials for semiconductor devices. 

[0150] The crosslinking polymer compositions according to the present invention can be used in the form erf a film. In 
the case where they are used as films, there are cases ® where the crosslinking polymer composition is dissolved in 
an organic solvent and the solution is formed into a film by a casting process or the like in advance to use it, and ® 
where the solution is applied, and the solvent is then removed to use a film formed as an overcoat. More specifically, 
such films are useful as, for exanple. insulating sheets for laminated sheets, interlayer Insulating films, liquid sealing 
materials for semiconductor devices, overcoating materials, etc. 



(EXAMPLES) 

[0151] The present invention will hereinafter be described specifically by the following Examples and Conparative 
Examples. IncWentally. physical properties were measured in accordance with the following methods: 

(1) The glass transition temperature was measured in accordance with the differential scanning calorimetry (DSC 

method). . t. * t« 

(2) The molecular weight was determined In terms of polystyrene as measured by gel pernneation chromatography 

(GPC) using toluene as a solvent unless esxpressly noted. 

(3) The rates of hydrogenation in the main chain and side chain were determined by H-NMR, 

(4) The t(^al number of moles of modifying residue introduced by an unsaturated epoxy compound or unsaturated 
carboxyiic conpound was determined by ^ H-NMR. and the rate <rf graft modification was calculated out in accord- 
ance with the above-described equation. 

(5) The flame retardancy was determined in accordance with the US UL-94 test standard. 

(6) The dielectric constant and dielectric loss tangent were detern^ned at 1 MHz in accordance with JIS K 691 1 . 

(7) The copper foil peeling strength was det^-nrjined in the following manner. Namely, a specimen 20 mm wide and 
100 mm long was cut out of a resin taminate sample, parallel notehes were cut at an interval of 10 mm in the copper 
foil surface of the specimen, and the copper foil was continuously peeled off at a rate of 50 mnVmin in a direction 
perpendicular to the surface by a tensile tester. The copper foil peeling strength was expressed in terms of the min- 
imum stress value at this time. . .a- ito 

(8) The adhesion property was evaluated by conducting a cross-cut peel strength test in accordance with JIS K 

5400 

(9) The durability was determined by leaving a test sample to stand for 1 .000 hours under conditions of 90*^C and 
95% relative humidity to observe whether visual abnormality such as blister, the corrosion and/or tarnishing of cop- 
per, and the like occun-ed or not. ^ . . . ^ .*u 

(10) The heat resistance was determined in the foltowing manner. After a test sample was brought into contact with 
a solder of 300**C for 1 minute, the appearance of the sample was observed to evaluate it in accordance with the 
following standard: 

Good: Neither delamination nor blister was observed; 
Poor: Delamination or k}lister was observed. 



[Example 1] 

[0152] A 1 -liter polymerizer purged with nitrogen was diarged with a cydohexane solution of tetracy- 
clo[4 4 0 12>S l^»''^-3-dodecene (hereinafter referred to as TCD"), and a cydohexane solution of VO(OC2H5)C*2 ^ 
cydohexane solution of ethylaluminum sesqtHchloride lAI(C2H5)i,aCli.5f as catalysts in such a manner that their con. 
centrations within the polymerizer amounted to &> g/liter. 0.5 mmol/iiter and 4,0 mmol/liter. respectively To the mixture, 
ethylene and hydrogen were fed at rates of 15 litersmr and 1 .5 Irters/hr. respectively^ and the temperature withm the sys- 
tem was controlled to 10«*C. On the other hand, the polymerization reaction mixture was continuously taken out of the 
upper part of the polymerizer in such a manner that the total amount of the polymerization reactfon mixture within a flask 
amounted to 1 liter, and average residence time was 0.5 hours. 

101531 A small amount of isopropyl alcohol was added to the polynnerization reaction mixture taken out to terminate 
the polymerization. Thereafter, an aqueous sdutfon containing concentrated hydrochloric acid in a proportion of 5 ml 
per liter of water was brought into contact with the polymerization reaction mixture at a ratio of 1 :1 under vigorous stir- 
ring by means of a homogenizer. thereby transferring the remaining catalysts to an aqueous phase. After the mixed 
solution was left to rest to remove the aqueous phase, the residue was further washed twice with distilled water, thereby 
purifying and isolating the polymerizatton reaction mixture. 

[0154] This polymerizatfon reaction mixture was poured into 3 liters of acetone to deposit a resin formed. The resin 
was cdlected by filtration and then dried for 48 hours at 100*>C under 1 Torr or lower. 
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[0155] Fifty parts by weight of the thus-obtained polymer were mixed with 100 parts by weight of ally! glycidy! ether. 
10 parts by weight of dicumyl peroxide and 120 parts by weight of tert-butylbenzene to conduct a reaction at 150-C for 
3 hours in an autoclave. The reaction mixture was then solidified and dried in the same manner as described above to 
obtain epoxy-modified Polymer (A). The result of the synthesis is shown in Table 1. 

5 

[Example 2] 

[0156] Epoxy-modrfied Polymer (B) was obtained in the same manner as in Example 1 except that the feed rate of 
hydrogen was changed from 1 .5 llters/hr to 2.5 liters/hr. The result of the synthesis is shown in Table 1 . 

10 

[Example 3] 

[0157] Maleic anhydride-modified Polymer (C) was obtained in the same manner as in Example 1 except that allyl 
glycidyl ether w&s changed to maleic anhydride. The result of the synthesis is shown in Table 1. 

[Example 4] 

[0158] Maleicanhydride-modfledPolymer(D) was obtained in the same manner as in Example 1 except that the feed 
rate of hydrogen was changed from t .5 liters^Oir to 2.5 litersAir, and allyl glycidyl ether was changed to maleic anhydride. 
20 The result of the synthesis is shown in Table 1 . 

[Comparative Example 1] 

[0159] An unmodified hydrogenated product was synthesized in the same manner as in Example 1. The thus- 
25 obtained product is referred to as Polymer (E). The result of the synthesis is shown in Table 1. 

[Comparative Example 2] 

[0160] Epoxy-modified Polymer (FO was obtained in the same manner as in Example 1 except that the amounts of 
30 allyl glycidyl ether and dicumyl peroxide were changed from 1 00 parts by weight to 1 5 parts by weight and from 1 0 parts 
by weight to 1 .0 part by weight, respectively. The result of the synthesis is shown in Tade 1 . 

[Conparative Example 3] 

35 [0161] Maleic anhydride-mocfified Polymer (G) was obtained in the same manner as in Example 1 except that 100 
parts by weight of ally! glycidyl ether were changed to 1 5 parts by weight maleic anhydride, and the amount of dicumyl 
peroxide was changed from 10 parts by weight to 1 .0 part by weight. The result of the synthesis is shown in Table 1 . 

[Comparative Example 4] 

40 

[0162] Unmodified Polymer (H) was obtained in the same manner as in Example 1 except that the feed rate of hydro- 
gen was changed from 1 .5 liters/hr to 0.5 liters/hr The result of the synthesis is shown in Table 1 . 
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IExample&5to8] 

[01 63] The respective modified polymers obtained in Examples 1 to 4 and various kinds of components were blended 
so as to give their corresponding compositions shown in Table 2. and the thus-obtained compositions were separately 
dissolved in toluene to give a solids concentration of 50 to 60 wt.%» thereby preparing respective varnishes. After these 
solutions were left at rest for 30 minutes, uniformity of the solutions was visually evaluated to rank them in accordance 
with the following standard: 

Uniformity of solution : 

[0164] 

O : The solution vwas completely unifornn; and 
X: The soltftion underwent phase separation. 

[0165] An E glass doth 10 cm wide, 10 cm long and about 0.5 mm thick was dipped for 10 seconds in each of these 
solutions, slowly pulled up and then left to stand for 1 minute. Only solids in the resin-impregnated glass cloth thus 
obtained were dissolved again in toluene, and the resultant solution was poured into a large amount of isopropyi acetate 
to solidify a modfied pdymer portion. The solidified polymer was collected by filtration. On the other hand, the filtrate 
was poured into a large amount of methanol to collect a flame retardant portion in the same manner as descnbed 
atxive. 

[0166] These portions were separately dried for 48 hours at 70*»C under 1 Tonr to measure their weights. The uniform- 
ity of impregnation was evaluated on the basis of a difference between a weight ratio of the two components at this time 
and a weight ratio of the two components in a state of the varnish to rank it in the folkwing standard: 

i Inifnfmlt y of impregnation : 

[0167] 

30 @: The difference in weight ratk> was lower than 2%; 

O : The difference in weight ratks was not lower than 2%. but lower than 5%; 

a: The difference in weight ratio was not lower than 5%, but lower than 10%; and 

X: The difference in weight ratio was not lower than 1 0%. 

35 [0168] Further, an E glass cloth was d'^ped in and inf^>regnated with each of the above solutions and then dried in an 
air oven to prepare a curable composite material (prepreg). The weight of the base material in the prepreg was control- 
led to 40% based on the weight of the prepreg. As needed, plural sheets of the thus-produced prepreg were stacked 
on one another so as to give a thickness of 0.8 mm after moWing, and a copper foil 35 |im thick was placed on both 
sides thereof. The thus-obtained laminate was molded and cured by a hot pressing machine to obtain a resin laminate. 

40 [0169] Various phyacal properties of the resin laminates obtained in such a manner were measured. As a result, all 
the resin laminates exhibited good dielectric constant and copper foil peeling strength and had flame retardancy of V-0. 

[Comparative Examples 5 to 8] 

4s [01701 Respective experiments were conducted in the same manner as in Examples 5 to 8 except that the modified 
or unmodified polymers obtained in Con^ative Examples 1 to 4 were used in peace of the modified polymers 
obtained in Examples 1 to 4. The results are shown in Table 2. 
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(Note) 

Peroxide: a - 2,5-Dlmethyl-2,5-ai.(t-butyl peroxy)iieKytie-3; 

B 

CrosslJjUclng aid* TAIC - Trlollyl Isooyanurate.- 
Flaine retardants b - Bromlnated tolsphenol A type epoxy 
10 resin (AER 8010, product o£ Asabl-CIBA 

Limited; Br contents 5 Vt.%); 
Hardeners Imidazole - 2-EtliyX-4-niethylinildazoXe. 



15 



20 



25 



30 



— 35 



roini It is understood from Table 2 that &ten when the modif led polymers (Examples 5 to 8) according to the present 
invention are prepared into solutions at a solids concentration of 50 to 60 wt.%. the compounding additives such as the 
crosslinWng agent. crosslinWng aid. flame retardant and hardener can be uniformly dispersed therein and the resdtant 
moldings are excellent in both dielectric constant and copper toil peeling strength. On the other hand, it is understood 
that the unmodified polymere and the modified polymer kw in modification rate have insufficient copper foil peeling 
strength. When the unmodified Polymer (H) having a high molecular weight was used, the compounding additives were 
unable to be uniformly dispersed therein, and its ability to impregnate the glass doth was also poor. 



[Example 9] 



roi721 A qiass container having an internal volume of 300 ml purged vwth nitrogen was charged with 50O mg of dichlo- 
robSs(benzonitrile)palladium and 75 ml of 2-nortx)rnene (hereinafter abbreviated as "NB") to conduct a polymenzaton 
reacfion at SO'C for 4 hours. After completion of the reaction, the reaction mixtwe was poured into a large amount of 
methanol to deposit a polymer formed. The polymer was collected by filtration, washed and then dried under reduced 
pressure, thereby obtaining 42 got a polymer (Mn = 5.600. 79 = 267-0. .... hc 

Dissolved in 120 parts by weigtrt of cyctohexane were 50 parts by weight of the thus-obtained polymer. 15 
oarts by weight of 5.6-epoxy-1-h®tene and 3 parts by weight of dicumyl peroxide, and a reacfion was conduced at 
150°C Ibr 5 hours in an autoclave. The resultant reaction mixture was poured into 240 parts by weight of isoprowrf ateo- 
hol to solidify a reaction product The reaction product thus solidified was then dried under reduced pressure at 1 00 C 
for 20 hours to obtain 50 parts by weight of epoxy-modifiednorbornene Polymer (I). ^, ^ «*x 

101741 ' This modified Polymer I had l^n of 6.100 and Tg of 267°C. "me epoxy group <»"tent (maWic^^ rate) in tt^e 
modified Polymer I was S.5% per repealing stnjctural unit of the polymer as measured by ^H-NMR. The result of the 
40 syrrthesis is shown in Table 3. 
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[Example 10] 

101751 A glass container having an internal volume of 300 ml purged with nitrogen vras charged virilh 75 ml of toluene. 
2 mmol of methylaluminoxane and 0.1 mmd of palladium chloride, and then with 30 ml of tetracyclododecene (herein- 
after abbreviated as TCD") to conduct a polymerization reaction at 80'C for 4 hours. After complehon of the reactiori, 
the reaction mixture was poured into a large amount of methanol to deposit a polymer formed. The polymer vras col- 
lected by f iltration, washed and then dried under reduced pressure, thereby obtaining 8.5 g of a polymer (Mn = 21 ,000. 

101761 Dissolved in 120 parts by vwight of cycloh«<ane were 50 parts by weight of the thus-obtained polymer 15 
oaL by weight of 5,6-epaxy-l-hex6ne and 3 parts by weight of dicumyl peroxide, and a reaction was conducted a 
150»C tor 6 hours in an autoclave. The resultant solution of a reactfon product was poured into 240 parts by weflW of 
isooropyl alcohol to solidify the reaction product The reaction product thus solidified was then dried under reouoed 
nrisure at lOO-C for 20 hours to obtain 50 parts by weight of epoxy-modified noibomene Polymer (J). This modified 
Polvmer J had Mn of 21 .900 and Tg of 342«a The epoxy group content (modification rate) in the modified Polymer J 
wJ 12.8% per repeating structural unit of the polymer as measured by ^H-NMR. TTie result of the synthesis is shown 
in T^e 3. 
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[Example 1 1] 

roiTTI An addition copolymer of 2-norborncne (NB) and 5-decyl-2-norbomene (hereinafter abbreviat«i as "DNB'-) 
Eer ^rSe r^lSr weight (Mn) = 69,200. weight average molecular weight (Mw) = 132.100. both, .n terms of 
SSXc^SiS^^^^^^^ ^ -^or^ " 76«4 (molar ratio): Tg =. aeOoC] was obtained m accordance 

wS S^5^e^y-l-h^ene and 1.0 ^ by weight of dicumyt peroxide, and a ^«a<Jo" ««2t?£^ 
?5?C forThours reSant solution of a reaction product was poured into 300 parte by we^ht of methanol to solid- 
ityJhe reL^o^oI^STeTeaction product thus solidified wasdried under reduced pr^sure at 100»C for 20 hours to 
S ^y nSdified norbornene Polymer (K). The result of the synthesis is shown .n Table 3. 

[Example 12] 

roi791 Maleic anhydride-modified f>olymer (L) was obtained in the same manner as in Example 9 exc^ that 15 parte 
Ly ^Ih^SS S-1 were chaniei to 15 parte by weight of maleic anhydride. The result of the synthesis 

is shown in Table 3. 

[Example 13] 

[01801 An addition terpolymer of 2-norbornene (NB). 5-hexyl-2-norbornene (hereinafter fb^^Tj^wM J"^??o^ 
5 SS-den^-SH^ortDornene (hereinafter abbreviated as "ENB") [number average '^''^f ^I^L^S 
wS^av^raae molecular weight (Mw) = 107,000. both, in terms of polystyrene: compositional ratio (NB«NB/Ef^B) of 
^Sire - 74S (Sa^S Tg - 323°^ was obtained in accordance with the same process as ,n Example 11^ 
mS?r Di^iSTcS JaTti v^ight of tiutylbenzene were 50 parte by weight of the PS^«^^^ 
' 1 L ^ll^^s 6 e««v-l hacene and 1 0 part by weight of dicumyl peroxide, and a reaction was conducted at 

i^JhJrelS^a^ri^^ 
Sn ^IJS^ norbornene Pdymer (M). The result of the synthesis is shown in Table 3. 

30 

[Comparative Example 9] 

101821 After an autoclave having an internal volume of 1 liter purged with nitrogen was charged with 360 ml oftoluene^ 

[!^.^rr»l«h«J and then dried under reduced pressure, thereby obtaining 35 g of a polymer (NB content = 56 
SoSSr= t^. ?J^=Tic; TO^i re^rred to as Pc^ymer (O). The result of the synthe^s is shown in 

40 Tables. 

[Compsirative Example 10] 

roi831 After an autoclave having an internal volume of 1 liter purged with nitrogen was charged with 400 ml of tduer^. 
45 KccSe^ySl 00 g of TCD and 4.0 mmd of methylaluminoxane. ethylene gas was '^^^^^''^J^^ 
Slen^^^STat 2 K^cm'. A toluene solution containing 0.040 mmol of '«0P'^'«"«-l^-'"^«:^.^t^^2 
f^tvln umrfiehiorida ^ added to the contents to initiate polymerization. After the reactron was conducted at 70 C 
I^TZ^Z^i^^^^^^^^^r^o a large amouSof methanol to deposit a polymer formed. The pdyrn^ 
Sas Slittd S^S^^^^ed ^Kl then dried under reduced pressure, thereby obtaining 18 g of a polymer (TCD 

K ^«hr^fiTna«^l-hexene and 1 5 parte by weight of dicumyl peroxide, and a reaction was conducted at 150»C 

S^^rita^aSSaleCr^^^^^ 
. L . ♦!f=oiwif«Z reaction oroducl The reaction product thus solidified was then dried under reduced pressure at 
« ^tZX^^o^T^^^^Stt of e?oxy-modif ied no*ornene Polymer (P). This modified Polymer P 

S unit of Itle polymer as measured by ' H-NMR. The result of the synthesis is shown in Table 3. 
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[Comparative Example 1 1] 
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mi851 A alass container having an internal volume of 300 ml purged with nitrogen was charged with 100 ml of tolu- 

:Sh'S^ hen dried' under reduced pressure, thereby obtaining 2.8 g oT ^|^yZJZ^^ZmVJ^I^i and 
roi861 Dissolved in 100 parts by weight of xylene were 50 parts by weight of the thus-oWaned polymer ^na 

SS^ The conversion of carbon-carbon unsaturated bonds Into the epoxy group, epoxy group content per repeafing 
Kral^nitTmrpolymer and percent retention of cartx,n-carbon dout^e bonds in the mod.f.«l Polymer Q were 
85%. 85 mol% and 15 mol%, respectively, as measured by H-NMR. 
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(Note) 

(*1) Modification by epoxldation of carbon-carbon double 

5 

bonds* 
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[Examples 14 to 18] 

roi881 Thirty Darts by weight of each of the modified polymers obtained in Examples 9 to 13 and 1.2 parts by weight 
S4^!biSS^^^^ parts by weight of xylene. Each soluton waspro- 

vided as a uniform solution without fornning any precipitate- or, 
JoiSr^s uniform solafion was then coated onasirKx^nwaferJnw^^^^ 

SiSfilm 4000 A thick, by a spin coaling method, and the thusHwated solution P^^T^^* f,!^t, 
fh^ebvforming a coating film 3.3 Mm thick on the aluminum wiring. Eachsamplethusobtained wasoKeda 250 
IhcSS n^Sen. thereby fSng an overcoat 3 ^ thick to evaluate it as to diele^rK; <»"f "t^d^^^c 1^ 
fan^ adhesion^operty. soldering heat resistance and durability (heat resistance and moisture resistance). The 
results are shown in Table 4. 

[Comparative Example 121 

raisoi After 50 parts by weight of the polymer obtained in Comparative Example 9 were dissolved in 100 parte ^ 
S of ^li^a'S^^s by wJgW Of t At Vo^ 

sisr^'u^rm'SturrSeT^ 

LiO L 4!w A mtok tv a spin coating method, and the thusKX,ated solution was prebaked at 90;C for 60 seconds. 
thSCfo^SSJg aSng f Hm 3.3 tf?ck on the a^^^^^ 

SS. tS^lSy Ibmiing an overcoat 3 ^thid. to equate it as to dielectric consterit. dielectric loss tangent. adh«.-on 
property, soldering heat resistance and durability, "me results are shewn in Table 4. 

35 [Comparative Example 13] 

[01921 An overcoat wasformed in the same manner as in Comparative Example 12 exceptthat *«P°"y'^'^°21rJ 
in (SiparatST^e 1 0 was used, thereby ««luating it as to dielectric constant, dielectric loss tangent, adhesion 
property, soldering heat resistance and durabHity. TTie results are shown in Table 4. 

40 

[Comparative Example 13] 

roi931 An overcoat was formed in the same manner as in Comparative Example 12 except that the polymer ototerned 
K c^P^^trSo iTwas used, thereby evaluating it as to dielectric constant, dielectric toss tangent, adhesion 
45 property, soldering heal resistance and durability. The results are shown m Table 4. 



15 



ZO 



2S 



30 



Table 4 
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Soldertng 
heat resist- 
ance 


Adhesion 
property to 
alunrtin. wiring- 
formed silicon 
wafer 


Change in 
metal layer 
after durability 
test 


Dielec. loss 
tangent 


Dielec. const. 
(1 MHz) 


Code No. 


Ex. 14 


Good 


100/100 


Not changed 


0.0009 


2.3 


1 


Ex. 15 


Good 


100/100 1 


Not changed 


O.00O9 


2.3 


J 


Ex. 16 


Good 


100/100 


Not changed 


0.0009 


2.3 


K 
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Table 4 (continued) 





Soldering 
heat resist- 
ance 


Adhesion 
property to 
alumin. wiring- 
formed silicon 
wafer 


Change in 
metal layer 
after durability 
test 


Dielec. loss 
tangent 


Dielec. const 
(1 MHz) 


Code No. 


Ex. 17 


Good 


100/100 


Not changed 


0.0009 


2.3 


L 


Ex. 18 


Good 


100/100 


Not changed 


0.0009 


2.3 


M 


Comp. Ex. 12 


Poor 


20/100 


Not changed 


0.0007 


2.2 


O 


Compi Ex 13 


Poor 


60/100 


Not changed 


0-0009 


2.3 


P 


Comp. Ex. 14 


Good 


100/100 


Corroded and 
tarnished 


0.0030 


2.8 


Q 
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[0194] It is undeiBtood from the results shown in Table 4 that when the modified polymers according to the present 
Son aJe used, overcoats (or interlayer insulating films) excellent in soldering heat resistance, adhesion property, 
durability, electrical properties and the like can be obtained. 



[Example 19] 

r01951 EDOxy-modified Polymer (R) was obtained in the same manner as in Example 1 except that the feed rate of 
Een wTc^T^^ liteiUr to 0.5 litersmr. and the amounts of ally! glyckiyl ether 

tively. The result of the synthesis is shown in Table 5. 

[Exa.Tiple20] 



[0196] Maleic anhydride-modified Polymer (S) was obtained in the same manner as in Example 19 except that allyl 
glycidyl ether was changed to maleic anhydride. The result of the synthesis is shown in Table 5. 

[Comparative Example 15J 

10197] Unmodified Polymer (T) was obtained in the same manner as in Example 19 except that no epoxy modification 
was conducted. The result of the synthesis is shown in Table 5. 
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[Examples 21 and 22] 



10 



mm Thirty parts by weight of each of the modified polymers obtained in Examples 19 and 20 and Imparts by 
weight of 4.4'-bisazldobenzal(4-methyl)cyclohexanone were dissolved in 10O parts by weight of xylene. Each solution 
was provided as a uniform solution without forming any precipitate. . ^ ^ ^ 

[0199] TOsuniformsolution wasthencoatedonasiliconwafer, an aluminum wiring had 
SoVf im 40OO A thicK by a spin coating method, and the thus^ted solution was P^ebaked at 90^0 60 secon^ 
th^eby forming a coating film 3.3 ^ thick on the aluminum wiring. Each sample thus obtained was cured at250»C for 
3 hours under nitrogen, thereby forming an overcoat 3 „m thick to evaluate it as to dielectric ^onstam d.^^^^ loss 
tangent adhesion property, soldering heat resistance and durability (heat resistance and moisture resistance). The 
results are shown in Table 6. 



[Comparative Example 16] 

An experir^ienl was conducted in the same manner as in Examples 21 and 22 except that the polymer obtained 



15 [0200] 



in Corrparative Example 15 was used. The results are shown in Table 6. 



Table 6 
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Soldering 
heat resist- 
ance 


Adhesion 
property to 
alumin. wiring- 
formed silicon 
wafer 


Change in 
metal layer 
after durability 
test 


DIelea loss 
tangent 


Dielec. const 
(1 MHz) 


Code No. 


Ex 21 


Good 


100/100 


Not changed 


0.0009 


2.3 


R 


Ex.22 


Good 


100/1 00 


Not changed 


0.0009 


2.3 


S 


Conrp. Ex. 16 


Partially 
deformed 


3/100 


Corroded and 
tarnished 


0.0007 


2.2 


T 
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r02011 It is understood from the results shown in Table 6 that when the modified polymers according to the present 
invertion are used, overcoats (or interlayer insulating films) exce-9nl in soldering heat resistance, adhes.on property, 
durability, electrical properties and the like can be obtained. 

[Examples 23 and 241 ^ 

[02021 F^spective experiments were conducted in the same manner as in Examples 14 and 15 exwpt that a sub- 
strate in v^h a c6pper wlrin&had been formed on a pdyimide fSm 10 ^m thick, was used m place of the fif '""^ 
wiring-tormea silico^afer. thereby fbrming respective overcoats having a thidoiess of 3 ^m. A crosscut peel ^renj 
test as to the adhesion property of the overtxMts to the copper wiring and pdyimide film was conducted to make eval- 
Mation. As a result it was founded to be 100/100 in any case. 

[Comparative Example 17] 

[0203] An experiment was conducted in the same manner as in Examplee 23 and 24 except that the unmodified Pol- 
ymer O was used, thereby fomiing an overcoat having a thickness of 3 liin A cross-cut peel strength test Ihe 
adhesion property of the overcoat to the copper wiring and polyimide film to make evaluation. As a result, it was founded 
to be 20/100. 

« 

<INDUStRI/U. APPLICABILITY) 

[02041 According to the present invention, there are provided modified thermoplastic norbornene polymers excellent 
m electridil properties such as dielectric constant and dielectric loss tangent and also in adhesion property to other 
materials such as metals and silicon wafers, a production process thereof, crosslinWng polymer compositions compris- 
ing such a modified thermoplastic norbornene polymer and a crosslinWng agent, moldings thereof, and sheets, pre- 
pregs. laminates and the like using such a composition. The modified thermoplastic norbornene polymers and 
ooiTpositions conprising such a polymer according to the present invention can be applied to a wide variety of fields 
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such as circuits boards, interlayer insulating films, semiconductor devices and electronic parts in precision apparatus 
such as electronic computers and communication machines. 



Claims 
1 



A modified thermoplastic norbornene polymer obtained by graft-modifying a nort>ornene addition polymer having 
repeating units [AJ represented by the formula (Al): 




(Al) 



wherein to are Independently a hydrogen atom, hydrocarbon group, halogen atom, aikoxy group, ester group, 
cyano group amide group, imide group, silyl group or hydrocarbon group substituted by a pdar group (i.e., a halo- 
gen atom, aikoxy group, ester (roup, cyano grotp. amide group, inrwde groi^) or silyl group), 
with the proviso that at least two of to R» may be bonded to each other to form a monocyde or polycycl| the 
monocycle or polycycle may have carbon-carbon double bond(s) or be in the form of an aromatic ring, and R and 
R® or R^ and R^ may form an alkylidene group, with at least one unsaturated conpound selected from the group 
consisting of unsaturated epoxy compounds and unsaturated carboxylic compounds, wherein the modified polymer 
has a rate of graft modification of a to 50 mol% when graft-modified with an unsaturated epoxy compound or a rate 
of graft modification of 7 to 60 mol% when graft-modified with an unsaturated carboxylk: compound, and a number 
average molecular weight (Mn) of 500 to 500,000. 

2 The modified th6mx)plastic noitwnene p<rfymer according to Claim 1 . wrfierein the norbornene addition polymer is 
an addition copolymer of a norbornene monomer and a vinyl compound, which also has repeating units derived 
from the vinyl compound in addition to the repeating units [A]. 

3. The modified thermoplastic nortX)rnene polymer according to Claim 2, wherein the norbornene addition polymer 
has at least 30 wt-% of the repeating units [A] da-ived from the norbornene nnonomer. 

4. A process for producing a modified thermoplastic ncnijomene polymer, the process comprising addition-polymer- 
iziriQ a nortwrnene monomer represented by the formula (a1 ) : 




wherein the respective meanings of the refa'ence characters are as defined in the formula (Al), in the presence of 
a polymerization catalyst comprising a compound of a transition metal belonging to G^oup Vlll of the periodic table 
as a main component, and then reacting the resultant norbornene addition polymer with at least one unsaturated 
compound selected from the group consisting of unsaturated epoxy compounds and unsaturated carboxylic com- 
pounds in the presence of an organic peroxide, thereby graft-nrrodrfying the addition polymer. 

5. The production process according to Claim 4. wherein the rate of graft modification with the unsaturated epoxy 
conpound is 3 to 50 mol%. 
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6. The production process according to Claim 4, wlierein the rate of graft modification with the unsaturated carboxylic 
compound is 7 to 50 mol%. 

7. A process for producing a modified thermoplastic norbornene polymer having a rate of graft nfu>dif ication of 3 to 50 
mo!% when graft-modified with an unsaturated epoxy compound or a rate of graft modification of 7 to 50 mol% 
when graft-modified with an unsaturated carboxylic compound, and a number average molecular weigH (IWIn) of 
500 to 500.000, the process comprising reacting a nort>ornene addition (co)polymer obtained by addition-polymer- 
izing a norbornene monomer, or a norbornene monomer and a vinyl compound and having a nunnber average 
molecular weight (Mn) of 500 to 500,000 with at least one unsaturated compound selected from the group consist- 
ing of unsaturated epoxy compounds and unsaturated carboxylic compounds in the presence of an organic perox- 
ide. 

8- A crosslinking polymer composition comprising a modified thermoplastic norbornene polymer obtained by graft- 
modifying a norbornene addition polymer having repeating units [A] represented by the formula (Al): 




(Al) 



wherein R"* to are independently a hydrogen atom, hydrocarbon group, halogen atom, alkoxy group, ester group, 
cyano group, amide group, imide group, silyl group or hydrocarbon group substituted by a polar group a halo- 
gen atom, alkoxy group, ester group, cyano group, amide group, imide group or silyl group), 
with the proviso that at least two of to R® nray be bonded to each other to fbrm a monocyde or polycycle. the 
monocycle or polycycle may have cartjon-cartoon double bond(s) or be in the form of an aromatic ring, and R and 
R^, or R^ and R^ may form an aikylidene group, with at least one unsaturated coitpound selected from the group 
consisting of unsaturated epoxy compotttids and unsaturated carboxylic oompoufKls, and having a rate of graft 
modification of 3 to 50 mot% when graft-nrxxiified with an unsaturated epoxy compound or a rate of graft modifica- 
tion of 7 to 50 mol% when graft-nwdif ied with an unsaturated carboxylic compound, and a number average nndec- 
ular weight (Mn) of 500 to 500,000, and a crosslinking agent 

9. The crosslinking polymer con^osition according to Claim 8, wherein the norbornene addition polymer is an addi- 
tbn copolymer of a nortjornene monomer and a vinyl compound, which also has repeating units derived from the 
vinyl confound in addition to the repeating units [AJ. 

10. The crosslinking polymer con^osition according to Claim 8 or 9. wherein the crosslinking agent is selected from 
Q) an organk; peroxkle, ® a crosslinking agent capable of exhibiting its effect by heat or ® a crosslinking agent 
capable of exhibiting its effect by light 

11. The crosslinking polymer composition according to any one of Claims 8 to 10, wherein the crosslinking agent is 
" contained in a proportion of 0.001 to 30 parts by weight per 100 parts by weight of the modified thermoplastic nor- 
bornene polymer. 

12. The crosslinking polymer composition according to any one of claims 8 to 1 1 , which further comprises a aossHnk- 
^ ing aid. 

13. The crosslinking polymer composition according to any one of claims 8 to 12, which further comprises a flame 
retardant 

14. A molding obtained by molding the crosslinking polymer composition according to any one of Claims 8 to 13. 

15. A laminate having a structure that a layer formed of the crosslinking polymer composition according to any one of 
Claims 8 to 13 is laminated on a metal layer. 
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16. A prepreg comprising a reinforcing base material impregnated with the crosslinking polymer composition according 
to any one of Claims 8 to 13. 
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